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DATE: September 16, 2020

SUBJECT: Dicamba Mutagenicity Data Evaluation Records (DERs)

PC Code: 029801 DP Barcodes: D458715
Decision Nos.: 562443 Registration No.: 7969-132
Petition No.: N/A Regulatory Action: N/A
Risk Assessment Type: N/A Case No.: N/A

TXR No: 0058082 CAS No.: 1918-00-9
MRID Nos.: 51129101, 51129102, 51129103, 40 CFR: N/A

51129104, 51129105, 51129106, 51129107,
51129108, 51129109

FROM: Sarah Dobreniecki Ph.D., Biologist
Risk Assessment Branch VII A3 f;?a,ﬁv@ii
Health Effects Division, 7509P

Aiohasmsedic

THROUGH: Michael Metzger, Branch Chief
Risk Assessment Branch V/VII
Health Effects Division, 7509P

TO: Margaret Hathaway, Risk Manager Reviewer
Reuben Baris, Risk Manager (PY1 S-7227)
Registration Division (7505P)

I CONCLUSIONS

The Registration Division (RD) asked the Health Effects Division (HED) to review the data
submission regarding dicamba and mutagenicity. The conclusions of this submission are
summarized below.
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II. RESULTS/DISCUSSION

1) Barfield, W. (2019) Dicamba — Crl:CD(SD) rat in vivo comet test. Envigo CRS Ltd.,
Alconbury, Huntingdon, Cambridgeshire, UK. Laboratory Study No.: XB29VC,
February 14, 2019. MRID 51129101. Unpublished.

EXECUTIVE SUMMARY: In a non-guideline, in vivo comet test (MRID 51129101), groups
of six Crl:CD(SD) male rats/dose group were administered dicamba (89.8% a.i., batch #
P.MG2726410) in aqueous 0.5% methylcellulose via oral gavage (dose volume 10 mL/kg) at
dose levels of 0, 37.5, 75, or 150 mg/kg/day; two doses were administered approximately

24 hours apart. Approximately two hours after the second dose, the rats were euthanized, and
sections of the liver and duodenum were excised and prepared for comet analysis. Additionally,
one group of three rats was administered dicamba as above at 150 mg/kg/day for plasma
analysis; blood samples were collected one and two hours after the second dose. Another group
of three rats was administered ethyl methanesulfonate (EMS; positive control) in water via oral
gavage (dose volume 10 mL/kg) at 200 mg/kg and euthanized after approximately three hours;
sections of liver and duodenum were excised and prepared for comet analysis.

A preliminary test was performed to determine the maximum tolerated dose (MTD) prior to the
comet test. First, a group of two Crl:CD(SD) male rats was administered dicamba as above at a
dose level of 500 mg/kg/day. These rats exhibited clinical signs of severe toxicity and were
euthanized on Day 1. Because the MTD was exceeded, a second group of two rats was
administered dicamba as above at a dose level of 150 mg/kg/day; the MTD was established at
this dose level.

The plasma analysis confirmed dicamba was systemically available following two
administrations by oral gavage. The preliminary test established an MTD at 150 mg/kg/day.
DNA analysis by the comet test resulted in no effects of treatment on the liver at up to

150 mg/kg/day; the positive control (EMS) induced an expected increase in tail intensity with no
increase in hedgehog cells. In the duodenum, the marked increase in tail intensity at 37.5 and
75 mg/kg/day would indicate genotoxicity. However, the marked increase in hedgehog cells
observed at these doses, indicating cytotoxicity, were not corroborated by microscopic findings.
Therefore, the Reviewers consider the results of this study equivocal.

This study is classified as acceptable / non-guideline.

COMPLIANCE: Signed and dated Data Confidentiality, GLP Compliance, Flagging, and
Quality Assurance statements were provided.

2) Herring, T. (2019) Dicamba — Crl:CD(SD) rat histopathological follow-up study.
Envigo CRS Ltd., Alconbury, Huntingdon, Cambridgeshire, UK. Laboratory Study
No.: NS52VW, February 15,2019. MRID 51129102. Unpublished.

EXECUTIVE SUMMARY: In a concurrently-reviewed, non-guideline, in vivo comet test
(MRID 51129101), increased DNA strand breaks accompanied by increased numbers of
hedgehog cells were observed in the duodenum of Crl:CD(SD) male rats administered dicamba
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in aqueous 0.5% methylcellulose via oral gavage (dose volume 10 mL/kg} at dose levels of

37.5 or 75 mg/kg/day. The present study was performed in order to further investigate the
effects on point-of-contact tissues. In this non-guideline, histopathological follow-up study
(MRID 51129102), groups of five Crl:CD(SD) male rats were administered dicamba (89.8% a.i.,
batch # P.MG2726410) in aqueous 0.5% methylcellulose via oral gavage (dose volume

10 mL/kg) at dose levels of 0, 37.5, or 75 mg/kg/day; two doses were administered
approximately 24 hours apart. At approximately 2, 6, 24, and 48 hours after the second dose, the
rats were euthanized, and sections of the stomach and duodenum were excised, fixed, and
routinely processed for microscopic pathological examinations. Sections were visualized with
hematoxylin and eosin or by using the terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) and active caspase 3 stains to detect cytotoxicity, necrosis, and/or apoptosis.

There was no treatment-related cytotoxicity, necrosis, or apoptosis at the dose levels
administered in this study.

This study is classified as acceptable / non-guideline.

COMPLIANCE: Signed and dated Data Confidentiality, GLP Compliance, Flagging, and
Quality Assurance statements were provided.

3) Barfield, W. (2020) Dicamba techn. (BAS 183 H; SANS837 techn.): Follow up study
to determine potential ex vivo effects during comet tissue processing. Covance CRS
Ltd., Alconbury, Huntingdon, Cambridgeshire, UK. Laboratory Study No.:
MM44NB, March 30, 2020. MRID 51129103. Unpublished.

EXECUTIVE SUMMARY: In a concurrently-reviewed, non-guideline, in vivo Comet test
(MRID 51129101), increased DNA strand breaks accompanied by increased numbers of
hedgehog cells were observed in the duodenum of Crl:CD(SD) male rats administered dicamba
in aqueous 0.5% methylcellulose via oral gavage (dose volume 10 mL/kg) at dose levels of
37.5 or 75 mg/kg/day. In order to further investigate potential ex vivo effects on point-of-contact
tissues, the present study was performed. In this non-guideline, mechanistic follow-up study
(MRID 51129103), groups of three Crl:CD(SD) male rats were administered dicamba (89.8%
a.i., batch # P.MG2726410) in aqueous 0.5% methylcellulose via oral gavage (dose volume

10 mL/kg) at dose levels of 0 or 75 mg/kg/day; two doses were administered approximately

24 hours apart. At approximately 0.5, 1, 2, 4, or 6 hours after the second dose, the rats were
cuthanized; control rats were euthanized 2 hours after the second administration of vehicle. A
seventh group of three rats were administered three doses at 25 mg/kg at 30-minute intervals;
this dosing was performed twice 24 hours apart, and the rats were euthanized 2 hours after the
second dosing was completed. A positive control group was administered ethyl
methanesulfonate in purified water at 200 mg/kg and euthanized 3 hours after the single dose.
Single cell suspensions of the duodenum and liver were prepared for comet analysis.

Comet test data showed increased % tail intensity accompanied by increased hedgehog cells
across some, but not all, time points. The positive control generated data consistent with
expected findings. Intracellular pH data was subjective, not quantifiable, and inconclusive.
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Mincing solution pH and osmolality was not affected by incubation times or cell suspension
preparation. There were no microscopic findings of cytotoxicity, necrosis, or apoptosis.

This study is classified as acceptable / non-guideline.

COMPLIANCE: Signed and dated Data Confidentiality, GLP Compliance, Flagging, and
Quality Assurance statements were provided.

4) Hilton, A. (2020) ['*C]-Dicamba: duodenum kinetics in rats. Covance CRS Ltd.,
Alconbury, Huntingdon, Cambridgeshire, UK. Laboratory Study No.: MT42NJ,
February 28, 2020. MRID 51129104. Unpublished.

EXECUTIVE SUMMARY: In a concurrently-reviewed, non-guideline, in vivo comet test
(MRID 51129101), increased DNA strand breaks accompanied by increased numbers of
hedgehog cells were observed in the duodenum of Crl:CD(SD) male rats administered dicamba
in aqueous 0.5% methylcellulose via oral gavage (dose volume 10 mL/kg) at dose levels of
37.5 or 75 mg/kg/day. The present study was performed to obtain the absorption kinetics and
rates and routes of excretion of dicamba following oral administration to rats. In this
non-guideline, absorption kinetics follow-up study (MRID 51129104), groups of four
Crl:CD(SD) male rats were administered [1*C]-dicamba (radiochemical purity 99%, batch #
WIE-I-57) in aqueous 0.5% methylcellulose via oral gavage (dose volume 10 mL/kg) at a dose
level of 75 mg/kg/day; two doses were administered approximately 24 hours apart. At
approximately 0.5, 1, 2, 4, or 6 hours after the second dose, the rats were euthanized. Whole
blood and plasma, duodenum sections, mincing solutions and scrapings, liver sections, and urine
samples were obtained at each time point and analyzed for radioactivity.

No clinical signs of toxicity were reported.

[1*C]-Dicamba is rapidly absorbed after oral gavage administration. The maximum
concentration of ['*CJ-dicamba in whole blood was observed at 0.5 hours after the second dose
and declined steadily to the final 6-hour sample. Similarly, the maximum concentration of
[1*C]-dicamba in plasma was observed at 0.5 hours after the second dose and declined steadily to

the final 6-hour sample. Plasma concentrations were consistently greater than those in whole
blood.

In the duodenum sections, mean total radioactivity and mean concentration of radioactivity were
greatest at 0.5 hours after the second dose and declined with time. Concentrations were still
measurable at 6 hours after the second dose. Concentrations in duodenum sections were greatest
in section A (immediately after the stomach) and declined from sections A to B and generally
declined from sections B to C between 0.5-2 hours after the second dose. At 4 and 6 hours,
mean concentrations were generally similar across all sections. Mean total radioactivity and
mean concentrations of radioactivity in the mincing solutions and scrapings were less than those
found in the duodenum sections and followed the same time course, approaching the limit of
quantitation at 6 hours. Mean concentrations of radioactivity in the liver sections were greatest
at 0.5 hours after the second dose and declined with time to 6 hours.
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Radioactivity was detectable in the urine at 1 hour following the first dose with the greatest
concentration at 4 hours. Radioactivity concentrations fell to the lowest concentration at

24 hours after the first dose. Following the second dose, radioactivity began to rise, with the
greatest concentration at 2 hours after the second dose and falling with time to the final
collection at 6 hours.

This study is classified as acceptable / non-guideline.

COMPLIANCE: Signed and dated Data Confidentiality, GLP Compliance, Flagging, and
Quality Assurance statements were provided.

5) Ueda, M. (2020) Dicamba techn. (BAS 183 H; SAN837 techn.): transgenic mice
(Muta™Mouse) gene mutation assay. BioSafety Research Center, Inc., Shizuoka,
Japan. Laboratory Study ID: 886458, March 13, 2020. MRID 51129105.
Unpublished.

Ueda, M. (2020) Dicamba techn. (BAS 183 H; SAN837 techn.): dose range-finding
study for transgenic mice (Muta™Mouse) gene mutation assay. BioSafety Research
Center, Inc., Shizuoka, Japan. Laboratory Study ID: 886460, March 10, 2020.
MRID 51129106. Unpublished.

Blum, M. (2020) Validation of an analytical method for the analysis of BAS 183 H
(dicamba techn.) in powdered diet, CRF-1 (Oriental Yeast) using HPLC-UV (Control
procedure 97/0267 03). BASF SE, Experimental Toxicology and Ecology,
Ludwigshafen, Germany. Laboratory Study ID: 887672, February 3, 2020.

MRID 51129107. Unpublished.

Bangert, L. (2020) BAS 183 H (Dicamba techn.): homogeneity and concentration
control analysis in powdered diet CRF-1 (Oriental Yeast). BASF SE, Experimental
Toxicology and Ecology, Ludwigshafen, Germany. Laboratory Study ID: 887680,
January 30, 2020. MRID 51129108. Unpublished.

Wagner, 1. (2020) BAS 183 H (Dicamba techn.): stability analysis in powdered diet
CRF-1 (Oriental Yeast). BASF SE, Experimental Toxicology and Ecology,
Ludwigshafen, Germany. Laboratory Study ID: 887679, February 11, 2020.
MRID 51129109. Unpublished.

EXECUTIVE SUMMARY: In a non-guideline, gene mutation assay (MRID 51129105),
groups of seven male Muta™Mouse (CD2-LacZ80/HaztBR) mice/dose level were administered
dicamba (89.8% a.i., batch # P.MG2726410) in the diet at dose levels of 0, 1200, 3000, or

7000 ppm (equivalent to 0, 176.4, 431.1, and 924.9 mg/kg/day) for 28 consecutive days. After a
three-day period for mutations to become fixed in the genomic DNA, the mice were euthanized
on Day 31. A positive control group of seven male mice were administered
N-ethyl-N-nitrosourea (ENU) in 1/15 mol/L sodium phosphate buffer (pH 6.0) by i.p. injection
(dose volume 10 mL/kg) at a dose level of 100 mg/kg/day; two doses were given approximately
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24 hours apart on Days 3 and 4. After ten days, these mice were euthanized on Day 14. The
duodenum was examined for genomic DNA mutations induced by test substance exposure.

There were no effects of treatment on clinical signs of toxicity, absolute or relative (to body)
duodenum weights, or necropsy or microscopic findings. There were no changes in absolute or
relative (to body) duodenum weights in the ENU-treated group.

In the 7000 ppm group, there were decreases in body weight on Days 15 (|6%) and body weight
gain during Days 1-31 (—0.1 g treated vs 0.7 g control). Additionally, at 7000 ppm, food
consumption was decreased by 22% during Days 1-3. In the positive control group, there was a
decrease in body weight during Days 1-14 (] 8%).

Administration of dicamba in the diet did not increase mutant frequency. All mean values fell
within the 95% confidence range (14.4 x 107® to 86.9 x 107®) calculated from the historical
control data. The positive control (ENU) produced a marked 10.6-fold increase in the mutant
frequency.

This study is classified as acceptable / non-guideline.

COMPLIANCE: Signed and dated Data Confidentiality, GLP Compliance, Flagging, and
Quality Assurance statements were provided.
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DATA EVALUATION RECORD

DICAMBA

Study Type: OCSPP Non-Guideline; /n Vivo Comet Test
(Single Cell Gel Electrophoresis Assay) in Rats

EPA Contract No. EP-W-16-018
Task Assignment No. 34-3-001 (MRID 51129101)

Prepared for
Health Effects Division
Office of Pesticides Program
U.S. Environmental Protection Agency
2777 South Crystal Drive
Arlington, VA 22202

Prepared by

10560 Arrowhead Dr., Suite 500

Fairfax, VA 22030
: : ) : ) £ Babinat, B i
Primary Reviewer: Signature: e -
Michael E. Viana, Ph.D. Date: 08/05/2020
,ﬂ ¢ el
/.-; ; «W/{'”\_ /;’// - " e
Secondary Reviewer: Signature: J” Jne
Sarah E. Saucier, Ph.D. Date: 08/20/2020
Quality Assurance: Signature: j i ? 1 \%
Scott D. Studenberg, Ph.D., DABT Date: 08/25/2020
. . F e B ot W G
Project Manager: Signature: R !
Michael E. Viana, Ph.D. Date: 08/31/2020

This Data Evaluation Record may have been altered by the Health Effects Division subsequent to
signing by CDM/CSS-Dynamac Joint Venture personnel. Contractor’s role did not include

establishing Agency policy.
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In Vivo Comet Test in Rats (2019) / Page 2 of 15

DICAMBA /029801 OCSPP Non-Guideline / QECD 489
}"‘ . PR ‘: /t"-‘,;"\lﬁ-‘

EPA Reviewer: _ Sarah Dobreniecki Signature: “‘%\}’i?if"»ﬁvz ¢ Dobrense
Risk Assessment Branch VII, HED (7509P) Date: 9/16/2020
Template version 02/06

DATA EVALUATION RECORD

STUDY TYPE: /n Vivo Comet Test (Single Cell Gel Electrophoresis Assay) in Rats;
OCSPP Non-Guideline; OECD 489.

PC CODE: 029801
DP BARCODE: D458715

TXR #: 0058082

TEST MATERIAL (PURITY): Dicamba (89.8% a.i.)

SYNONYMS: SAN837; 3,6-dichloro-2-methoxybenzoic acid

CITATION: Barfield, W. (2019) Dicamba — Crl:CD(SD) rat in vivo comet test. Envigo CRS
Ltd., Alconbury, Huntingdon, Cambridgeshire, UK. Laboratory Study No.:
XB29VC, February 14, 2019. MRID 51129101. Unpublished.

SPONSORS: Syngenta, Ltd., Jealott’s Hill International Research Centre, Bracknell,
Berkshire, UK

BASF Corp., 100 Park Avenue, Florham Park, NJ

Rotam Agrochem International Co., Ltd., 26/F, E-Trade Plaza, 24 Cheung Lee
Street, Chai Wan, Hong Kong

EXECUTIVE SUMMARY: In a non-guideline, in vivo comet test (MRID 51129101), groups
of six Crl:CD(SD) male rats/dose group were administered dicamba (89.8% a.i., batch #
P.MG2726410) in aqueous 0.5% methylcellulose via oral gavage (dose volume 10 mL/kg) at
dose levels of 0, 37.5, 75, or 150 mg/kg/day; two doses were administered approximately

24 hours apart. Approximately two hours after the second dose, the rats were euthanized, and
sections of the liver and duodenum were excised and prepared for comet analysis. Additionally,
one group of three rats was administered dicamba as above at 150 mg/kg/day for plasma
analysis; blood samples were collected one and two hours after the second dose. Another group
of three rats was administered ethyl methanesulfonate (EMS; positive control) in water via oral
gavage (dose volume 10 mL/kg) at 200 mg/kg and euthanized after approximately three hours;
sections of liver and duodenum were excised and prepared for comet analysis.

A preliminary test was performed to determine the maximum tolerated dose (MTD) prior to the
comet test. First, a group of two Crl:CD(SD) male rats was administered dicamba as above at a
dose level of 500 mg/kg/day. These rats exhibited clinical signs of severe toxicity and were
euthanized on Day 1. Because the MTD was exceeded, a second group of two rats was
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In Vivo Comet Test in Rats (2019) / Page 3 of 15
DICAMBA /029801 OCSPP Non-Guideline / OECD 489

administered dicamba as above at a dose level of 150 mg/kg/day; the MTD was established at
this dose level.

The plasma analysis confirmed dicamba was systemically available following two
administrations by oral gavage. The preliminary test established an MTD at 150 mg/kg/day.
DNA analysis by the comet test resulted in no effects of treatment on the liver at up to

150 mg/kg/day; the positive control (EMS) induced an expected increase in tail intensity with no
increase in hedgehog cells. In the duodenum, the marked increase in tail intensity at 37.5 and
75 mg/kg/day would indicate genotoxicity. However, the marked increase in hedgehog cells
observed at these doses, indicating cytotoxicity, were not corroborated by microscopic findings.
Therefore, the Reviewers consider the results of this study equivocal.

This study is classified as acceptable / non-guideline.

COMPLIANCE: Signed and dated Data Confidentiality, GLP Compliance, Flagging, and
Quality Assurance statements were provided.
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DICAMEBA  a10801

Fr Vive Comet Test in Rats {2019) / Page 4 of 15
GUSPP Non-Caideling { DECT) 480

I

A,

MATERIALS AND METHODS

MATERIALS

Jest material:
Treseviption:
Batch &

Paxity:

CAS H ol TGAL
Seabilitn
Strsecture:

Dicamba

White solid

PMGI7I6410

B8.8% .1

1918008

Approxinstely bvo years stored at <3P0

i

Puositive contrel: Ethyl methanesulfonate (EMS: lot/baich # and source not reported)

Vehicle: Aqueous 0.5% (w/v) methyleellnlose (batch #: MEKBN2740V; Sigma).

Test animals
Spesiess
Steain:

Age 7 weight ot Day 1:

Spurees
Housing:

Ped:

Waters

Enviroomental conditions
Temperatures
Humibdity:
Alr changes:
Photoperiod:

AecHmation perboads

STUDY DESIN

In-life dates: Not reported

Rat {male oaly}

CHLCDST

Preluminary tost approximately ™8 weeks / HHR206 ¢

oanet testh: apgusskimately T8 weeks S 181205 ¢

Charles River UK Lid, (Margate, Ko, Bogland)

¥ owas stated the groups were kept i cages: however, sdditional information
{rvps of oage aud rals per cage) were not provided, Rats were provided
vattreatedt wond chess Blocks and 2 ved plastic shehier for suvismmpental
envichnu,

Pellsted Fovige Teklad 201490 diet, ad Hbituny

Tap water, af fbinou

HEEPC

b T

Not provided

12 honwes Hpht/12 hows Jdwk
& dwws manroms

Animal assienment: Following receipt, the rats were weighed and randomly assigned to
the groups in Table 1. No additional information was reported.
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I Vive Comet Test in Rats (20193 / Page S of 18

DICAMEA [ fr0807 OCSPP Non- Caideline / DECT 480
TABLE 1: Smdy »:’wsign"
Group i}nse C’oncen‘i‘mﬁﬁn 4 maten
(mg/kg/day) (mg/mL)
Preliminary test
i 60 30 2
2 134 is 2
et test
i 8 i &
2 375 578 1
% 75 7.5 &
4 150 is &
4% 150 15 3
5® 20 20 3

4.

% Drate were shmned from page 38 of MREID 51129101,
b Dizamba sateliite gronp for plesms analysis,
£ ERA i purified water.

Dose-selection rationale: The doses were selected on the basiz of the preliminary test. No
further mformation was reported.

Preparation of test formulations: For each dose formulation, an appropriate amount of
the test substance {adjusted for punity) was weighed and ground m a mortar with g pestle;
vehicle {aqueous 0.5% w/iv methylcellulose) was added and muxed fo form a paste.
Additional vehicle was added to produce a smooth, pourable suspension, and the suspension
was brought up to final volume with velucle and homogemzed.

EMS (positive controly was disselved m purified water to form a 20 mg/mlL solotion.

Homogeneity and stabulity analyses were performed on 1 and 200 mg/mL formulations with
ambient {15-25°C) and refrigerated (2-8°C) storage. The formulations were stored m two
bottles each. One bottle of each concentration was kept at ambient temperature and stirred
for 20 pumuates fo represent a zero-hour sample time; the formudation was stirved
continuousty and single samples from the top, nuddle, and bottom were removed at 0, 1, and
2 bowrs. The remamder of the bottle was stored for one day af ambient temperature,
remixed, and sampled again as above. The second bottle of each concentration was stored
refrigerated on receipt, warmed to ambient temperature affer one or eight days of
refrigerated storage, nuxed by 20 mversions followed by at least 20 nunutes of stirring, and
sampled as above. Concentration analyses were performed on freshly prepared suspensions;
single samples from the top, nuddle, and bottom {velicle was sampled twice from the
middle) were analyzed.

Resulis

Homogeneity analyses (2eCVy 0.17-4.18%
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In Vivo Comet Test in Rats (2019) / Page 6 of 15
DICAMBA /029801 OCSPP Non-Guideline / OECD 489

Stability analysis (% of time 0): 100.7-107.1% following one day storage at ambient
temperature; 101.7-106.6% following eight days storage refrigerated.

Concentration analysis (% of nominal): 100.1-102.2%

The analytical data indicated that the mixing procedure was adequate and that the variance
between nominal and actual dosage to the animals was acceptable.

5. Deose administration: The dose suspensions and positive control were administered by oral
gavage at a dose volume of 10 mL/kg; the volumes were calculated from the most recent
body weights. The dose suspensions were administered twice approximately 24 hours apart,
and the positive control was administered once.

6. Statistics: Data for the median tail intensity values from the comet tests for the test
substance suspensions and the positive control were analyzed separately. For the test
substance suspensions, Bartlett’s test for homogeneity of variances was applied; if Bartlett’s
test was not significant (p>0.01), parametric analyses were performed. First, the F1
approximate test was performed; if the F1 test was not significant (p>0.01), Williams’ test
for a monotonic trend was performed. Ifthe F1 test was significant (p<0.01), Dunnett’s test
was used to compare the treated groups to the control. If Bartlett’s test was significant
(p<0.01), logarithmic and square-root transformations were applied (0.001 was added to any
zero values prior to logarithmic transformation) and Bartlett’s test was performed again. If
Bartlett’s test was still significant, non-parametric analyses were performed. First, the H1
approximate test was performed; if the H1 test was not significant (p>0.01), Shirley’s test
for a monotonic trend was performed. If the H1 test was significant (p<0.01), Steel’s test
was performed.

For the positive control, Bartlett’s test was applied; if Bartlett’s test was not significant, the
positive control was compared to the control with a t-test (parametric analyses). If Bartlett’s
test was significant, logarithmic and square-root transformations were performed as above.
If Bartlett’s test was still significant, the positive control was compared to the control with
the Wilcoxon rank sum test.

Significance was denoted at p<0.05.
The Reviewers consider the statistical analyses used appropriate.

7. Comet test: The Single Cell Gel Electrophoresis (SCGE) assay (Comet test) is a rapid,
visual, and quantitative technique for measuring DNA strand breakage in individual
mammalian cells. Cell suspensions isolated from in vivo-treated animal tissues are
embedded in agarose gel on microscope slides. The cells are lysed with detergent and high
salt solution to rupture the cell membranes, extract the nuclear proteins, and leave the
supercoiled DNA in a nucleus-type structure (nucleoid). Exposure to a strongly alkaline
buffer causes the supercoiled DNA to relax and unwind. Because DNA carries a net
negative charge, the relaxed loops and single strand fragments migrate toward the anode
during electrophoresis. If DNA strand breaks occur during the chemical insult, the open
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In Vivo Comet Test in Rats (2019) / Page 7 of 15
DICAMBA /029801 OCSPP Non-Guideline / OECD 489

loops or fragments migrate further within the gel. After electrophoresis, the DNA is
neutralized and stained with a nucleic acid-specific dye. The cells are visualized and
quantitated by using fluorescence microscopy linked to an image analysis system.

8. [Evaluation and interpretation of results: The following statements were provided
regarding evaluation and interpretation of the comet test results.

The following criteria were applied for assessment of assay acceptability:

e  The concurrent vehicle control data were considered acceptable for addition to the
historical control database;

e  Concurrent positive control data indicated responses that corresponded to the historical
positive control data and were significantly increased compared to the concurrent
vehicle control;

¢ An MTD was achieved; and

e  An adequate number of cells and dose levels were analyzed.

Providing that all acceptability criteria are fulfilled, a test substance is considered clearly
positive if: a) at least one of the test doses exhibits a statistically significant increase
compared with the concurrent vehicle control, b) the increase is dose-related if evaluated
with an appropriate trend test, and c¢) any of the results are outside the distribution of the
historical vehicle control data. If all of these criteria are met, the test substance is
considered able to induce DNA strand breakage in the tissues studied in this test system.

Providing that all acceptability criteria are fulfilled, a test substance is considered clearly
negative if: a) none of the test concentrations exhibits a statistically significant increase
compared with the concurrent vehicle control, b) there is no concentration-related increase if
evaluated with an appropriate trend test, and c) all results are inside the distribution of the
historical vehicle control data. If all of these criteria are met, the test substance is
considered unable to induce DNA strand breakage in the tissues studied in this test system.

There is no requirement for verification of a clearly positive or negative response.

In case the response is neither clearly negative nor clearly positive as described above and in
order to assist in establishing the biological relevance of a result, the data should be
evaluated by expert judgement and/or further investigations. Scoring additional cells (as
appropriate) or performing a repeat experiment possibly with modified experimental
conditions (e.g., dose spacing, other routes of administration, other sampling times, or other
tissues) could be useful.

In rare cases, even after further investigations, the data set will preclude making a
conclusion of positive or negative results and will, therefore, be concluded as equivocal.

To assess the biological relevance of a positive or equivocal result, cytotoxicity at the target
tissue should also be discussed. Histopathological information can help in the interpretation
of a positive result in the comet assay.
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Furthermore, cell death is associated with increased levels of DNA strand breaks. In the
comet assay, the microscopical image resulting from excessively damaged cells, e.g.,
necrotic or apoptotic cells, are comets with small or non-existent heads and large diffuse
tails, sometimes referred to as 'hedgehog' or 'ghost’ comets.

Careful interpretation of increased or decreased % tail DNA in the presence of severe
cytotoxicity is therefore essential (OECD 489).

C. METHODS

1. Observation: The rats were observed twice daily for mortality and morbidity. Rats found
in extremis were humanely euthanized.

2. Body weight: All rats were weighed following arrival and on each day of dosing.

3. Food consumption: Food consumption was not reported.

4. Plasma analysis: Rats designated for plasma analysis were dosed twice at 150 mg/kg/day
at approximately 24-hour intervals. Blood samples were drawn from the tail vein at 1- and
2-hours post-dosing. The plasma concentration of the test compound was determined by
liquid chromotography- mass spectrometry/mass spectrometry (LC-MS/MS).

S. Preliminary test: A preliminary test was performed to determine the MTD of the test
compound. The MTD was defined as the highest dose that the rats could tolerate without
mortality or exhibiting signs of severe clinical toxicity that would necessitate humane
euthanasia up to a limit dose of 2000 mg/kg/day. Two rats were dosed twice at
approximately 24-hour intervals via oral gavage at a dose level of 500 mg/kg/day.
Approximately 2 hours following the second dose, the rats were euthanized and the stomach
and duodenum examined macroscopically. If toxicity was observed, the test was to be
repeated with a lower dose level.

6. Comet test: Rats were dosed at the levels presented in Table 1 two times approximately
24 hours apart; the positive control group was dosed once with aqueous EMS at 200 mg/kg.
Approximately two hours after the second dose, the test compound and vehicle control
groups were euthanized; the positive control group was euthanized approximately three
hours after the single-dose administration. Euthanasia was performed by carbon dioxide
asphyxiation. Sections of the liver and duodenum were excised and placed into ice-cold
mincing solution (not described) and kept on ice. Single cell suspensions were prepared
using tissue-specific methods (additional details were not provided). Comet slides were
prepared by first dipping glass slides into 1% normal melting point agarose and allowing
them to air dry. The single cell suspensions were diluted (diluent not reported) and mixed
with an appropriate volume of 0.5% low melting point agarose. The diluted suspension in
agarose was applied (75 pL) to the pre-dipped slide and a cover slip was applied. After the
agarose solidified, the cover slips were removed and the slides were placed in lysis buffer
(not defined) protected from light at 2-8°C overnight. The following day, the slides were
rinsed with electrophoresis buffer (not defined) and placed on a horizontal electrophoresis
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unit containing chilled electrophoresis buffer. Additional buffer was added to cover the
surfaces of the slides and the slides were allowed to incubate for 20 minutes to allow the
cellular DNA to unwind. The slides were then electrophoresed at 18 V with a starting
current of approximately 300 mA (0.7-1.0 V/cm) for 30 minutes. It was stated that the
buffer temperature was maintained at 4-8°C during unwinding and electrophoresis. After
electrophoresis was complete, the slides were removed, rinsed three times for five minutes
each with neutralization buffer, and stored refrigerated and protected from light in
humidified boxes. The slides were stained with a nucleic acid-specific dye (SYBR GOLD®)
and examined with a fluorescence microscope linked to a CCD camera and an image
analysis system (Perceptive Instruments COMET IV™).

The slides were first examined for signs of toxicity including background cellular debris
and/or increased incidence of excessively-damaged cells (hedgehog cells; see 1.B.8 for
definition); these cells were excluded from analysis along with cells that had unusual
staining artifacts. Fifty cells/slide were scored to yield 150 cells/tissue/rat (Reviewers
assume three slides/tissue/rat). The extent of DNA migration (i.e., damage) was measured
by determining the % tail intensity defined as the fluorescence detected in the tail that is
proportional to the amount of DNA that moved from the head region to the (comet) tail.

7. Microscopic pathology: Sections of the duodenum from the vehicle control and test
substance-treated groups were fixed in 10% neutral-buftered formalin, routinely processed,
stained with hematoxylin and eosin, and examined microscopically for signs of cytotoxicity.
The positive control group was not examined microscopically.

II. RESULTS

A. PLASMA ANALYSIS: Plasma analysis data are presented in Table 2. The plasma
concentrations of dicamba were 49.1-78.1 mg/L at 1-hour post-dosing and 29.9-43.0 mg/L
at 2-hours post-dosing. This confirms the systemic bioavailability of dicamba following
oral administration.

TABLE 2. Plasma concentration of dicamba in rats administered two doses at 150 mg/kg/day at one-
and two-hours post-dosing. ?

. Plasma concentration (mg/L)
T hours
ime (hours) Rat #407 Rat #408 Rat #409
1 78.1 65.5 49.1
2 40.5 29.9 43.0

a Data were obtained from Table 4 on page 104 of Appendix 5 of MRID 51129101.

PRELIMINARY TEST

Clinical signs of toxicity: Following administration of the first 500 mg/kg/day dose, both
rats were observed with severe clinical signs of toxicity including: flattened posture,
underactive behavior, writhing with extension of hindlimbs, uncoordinated movements,
rigid body and limbs, red extremities, labored respiration, brown nasal staining, and half-
closed eyes; one rat also displayed piloerection. Both rats were euthanized for humane
reasons on Day 1.
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To determine the MTD, a second group of two rats were administered the test substance at
150 mg/kg/day. Following the first 150 mg/kg/day dose, both rats were noted with the
following clinical signs of toxicity: unsteady gait, elevated gait, uncoordinated movements,
intermittent rigid body and limbs, flattened posture, underactive behavior, labored
respiration, vocalizing on handling, red extremities, hunched posture, and walking on the
toes; single rats also displayed writhing with extension of hindlimbs and brown nasal
staining. It was stated that these signs were classified as slight or moderate severity with
significant recovery after two hours; no clinical signs were reported pre-dosing on Day 2.
After administration of the second 150 mg/kg/day dose, unsteady gait, intermittent rigid
body and limbs, underactive, hunched posture, high-stepping gait, and waddling gait were
seen in both rats; single rats also displayed writhing with extension of hindlimbs and
intermittent collapsed posture. Both rats survived until scheduled euthanasia.

2. Body weights: Body weight data are presented in Table 3. The rats administered two doses
at 150 mg/kg/day exhibited slight body weight losses during the period between the second
dose and euthanasia.

TABLE 3. Body weights (g) of rats administered two doses of dicamba 24 hours apart. ?
Treatment Rat # Day1 Day 2 Euthanasia
(mg/kg/day) Individual | Mean £ SD | Individual | Mean =+ SD | Individual | Mean £ SD
5 240
500 G ) 242 +2.1
7 304 310 300
150 g 279 292+17.7 T 298 +17.7 279 290+ 14.8

a Data were obtained from page 43 in Appendix 1 of MRID 51129101.
Rats were euthanized on Day 1.

3. Necropsy: The two rats administered 500 mg/kg/day were discarded without further
examination on Day 1. At necropsy, the two rats administered 150 mg/kg/day displayed
whitened mucosal stomach. Additionally, rat #7 was observed with whitened duodenum
and jejunum and stomach devoid of food and containing a clear liquid. The body of this rat
was completely rigid within five minutes of death.

The MTD was established at 150 mg/kg/day and the comet test was conducted with dose
levels of 37.5, 75, and 150 mg/kg/day.

C. COMET TEST

1. Clinical signs of toxicity: There were no clinical signs of toxicity observed at 37.5 or
75 mg/kg/day or in the positive controls. All rats survived to scheduled euthanasia.

At 150 mg/kg/day, clinical signs included unsteadiness, rigid body and limbs, flattened
posture, and a lack of coordination in 6/6 rats following each administration. These signs
were not noted prior to administration of the second dose.

2. Body weights: Body weight data are presented in Table 4. One 37.5 mg/kg/day ratlost1 g
and one 75 mg/kg/day rat lost 3 g between dosing on Days 1 and 2. These minor losses did
not affect the results of the study.
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TABLE 4. Mean & 5D body weanhts {23 of rats adminisigved bwo doses of divarnba 24 hows apad,
Treatsent - .
{mzke/day) Pray 1 Pray 2 Euthanssia

2 237 % 144

378 SA0E T e

5 2362 80 -~

154 . 236+ L& Pl

EALS Y e 231 =133 -

3 Drata were obdaiied from page 44 W Appendin 1 of MEBID S1128310L. N =8,

b BRE = 200 mp'ky sthyl nethanesulfonate. W= 3,
we Weighis were not recouded,

Necropsy: There weye no effects of treatment noted m the duodenum s the treated rais.

% Tail intensity: Tail intensity data are presented in Table 5. No effects of treatment were
observed on mean tail mtensity, mean median tald wtensity, or mean number of hedgehog
cells m the liver of treated vats, Positrve control rats had increased mean tail infensity {not
analvzed statistically) and increased mean median tail imtensity (p<0.001). No hedgehog
cells were seen i any group. All values for the biver findmgs fell withm the range of
tustorical control data (presented in an Appendix at the end of this DER).

In the duodemum, there were large wereases m mean tail intensity {(not analyvzed statistically)
and mean median tail mtensity (pr0.001 ) at 37.5 and 75 meg/ky/day accompanied by large
nnnbers of hedgehog cells; all values were above the vange of histories! control data. At
150 mg'kg/day, excessive toxicity, as determmned by DINA debrns, prevented any cells from
bemg scored. Positive control rats bad mcreased mean tail intensity {not analvzed
statishically) and moressed mean median tal wtensity (p=0.001 ) with no observed hedgehog
cells.

TABLE & Tuil irensity (%) duts in the duodermum and Hver of rats adminibstered two doses of dicambs 24 hovrs apart, ®
; Dose 4 Mean {+ 813} tail Mean (5D Mean (= KB} #
Treatment (mg/kg/day) # of exlls scored intensity (%) median fail Hedaehas colls
VR T T A intensity {%e) U
Liver
Vehicle & B3 $34 2032 {3 53 £ (3.2 % .0
315 B0 251202 G442 0.2 USSR
Dicamba s S} 237501 335202 R IXY
150 06 236503 AR O ERZE
EMS PR 456 405737 3028 & 3 1588 0400
Davdenum
Velhiele ] B} PRAERVE: 85& 03 O 0.0
218 SO0 38614 21754 2 gves FIi+339°
Dicamaba 78 B3 3. 23x32 IBTI & 3 800 F1E5x438°
150 g e e -
EMS 288 454 332431 50,46 & 3 GFEA G 0

Data were obtined frows Table 1 on page 34 of MRBID 311238141,

Alides were not scored beoaose sxvessive toxnivily [INA debris) was observed.

alonlated by the Beviewsrs fiom mdrvdusl dets presented in Table 3 o page 41 o MRID 51128101
4 Signibiesoly differsm From control; pa(.001.

e Mo dats.

Microscepic pathology: There were no treatinent-related microscopic findings observed in
the doodenum of treated animals.
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It was stated that extensive ADME studies in the mouse after oral administration have
shown that the primary compound excreted is unchanged dicamba. The liver and duodenum
both will be exposed to unmetabolized dicamba, and this finding was confirmed by the
plasma analysis data. The notable difference in response observed was proposed to be due
to local toxicity.

1. DISCUSSION and CONCLUSIONS

A. INVESTIGATORS’ CONCLUSIONS: Dicamba has shown evidence of causing an
increase in DNA strand breaks in the duodenum of male Crl:CD(SD) rats when
administered orally by gavage in this in vivo test procedure. However, these increases in
DNA strand breaks are directly associated with large increases in hedgehog cells suggesting
evidence of cytotoxicity. Therefore, it is unlikely that the DNA strand breaks observed in
the duodenum are representative of a true genotoxic response; however, this cannot entirely
be ruled out. Dicamba was clearly non-genotoxic in the liver, with bioanalysis of plasma
showing that the liver was exposed to Dicamba.

B. REVIEWER COMMENTS: The plasma analysis confirmed dicamba was systemically
available following two administrations by oral gavage. The preliminary test established an
MTD at 150 mg/kg/day. DNA analysis by the comet test demonstrated that there were no
effects of treatment on the liver at up to 150 mg/kg/day; EMS induced an expected increase
in tail intensity with no increase in hedgehog cells. In the duodenum, the marked increase in
tail intensity at 37.5 and 75 mg/kg/day would indicate genotoxicity. However, the marked
increase in hedgehog cells observed at these doses, indicating cytotoxicity, are not
corroborated by microscopic findings as would be expected. Therefore, the Reviewers
consider the results of this study equivocal.

This study is classified as acceptable / non-guideline.

C. STUDY DEFICIENCIES: The following deficiencies were noted:

e  Buffer formulations were not reported.
e  Terminal body weights were not recorded.
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DATA EVALUATION RECORD

STUDY TYPE: Histopathological Follow-Up Study in Rats; OCSPP Non-Guideline; OECD
489.

PC CODE: 029801
DP BARCODE: D458715

TXR #: 0058082

TEST MATERIAL (PURITY): Dicamba (89.8% a.i.)

SYNONYMS: SANS837; Dicamba technical; 3,6-dichloro-2-methoxybenzoic acid

CITATION: Herring, T. (2019) Dicamba — Crl:CD(SD) rat histopathological follow-up
study. Envigo CRS Ltd., Alconbury, Huntingdon, Cambridgeshire, UK.
Laboratory Study No.: NS52VW, February 15,2019. MRID 51129102.
Unpublished.

SPONSORS: Syngenta, Ltd., Jealott’s Hill International Research Centre, Bracknell,
Berkshire, UK

BASF Corp., 100 Park Avenue, Florham Park, NJ

EXECUTIVE SUMMARY: In a concurrently-reviewed, non-guideline, in vivo comet test
(MRID 51129101), increased DNA strand breaks accompanied by increased numbers of
hedgehog cells were observed in the duodenum of Crl:CD(SD) male rats administered dicamba
in aqueous 0.5% methylcellulose via oral gavage (dose volume 10 mL/kg) at dose levels of

37.5 or 75 mg/kg/day. The present study was performed in order to further investigate the
effects on point-of-contact tissues. In this non-guideline, histopathological follow-up study
(MRID 51129102), groups of five Crl:CD(SD) male rats were administered dicamba (89.8% a.i.,
batch # P.MG2726410) in aqueous 0.5% methylcellulose via oral gavage (dose volume

10 mL/kg) at dose levels of 0, 37.5, or 75 mg/kg/day; two doses were administered
approximately 24 hours apart. At approximately 2, 6, 24, and 48 hours after the second dose, the
rats were cuthanized, and sections of the stomach and duodenum were excised, fixed, and
routinely processed for microscopic pathological examinations. Sections were visualized with
hematoxylin and eosin or by using the terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) and active caspase 3 stains to detect cytotoxicity, necrosis, and/or apoptosis.

There was no treatment-related cytotoxicity, necrosis, or apoptosis at the dose levels
administered in this study.

This study is classified as acceptable / non-guideline.
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COMPLIANCE: Signed and dated Data Confidentiality, GLP Compliance, Flagging, and
Quality Assurance statements were provided.
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MATERIALS AND METHODS

MATERIALS

Jest material:
Treseviption:
Batch &

Paxity:

CAS H ol TGAL
Seabilitn
Strsecture:

Dicamba

White solid

PMGI7I6410

B8.8% .1

1918008

Approxinstely bvo years stored at <3P0
i

O

<h

G OH
HC

Vehicle: Aqueous 0.5% (w/v) methyleellnlose (batch # MKBN2740V; Sigma).

Test snimals
Speeien:
Steain:
Age / weight af Day 1:
Sourve:
Flrusing

Dies:

Waters

Envivoamenial conditions
Fruoperaivre:
Humidity:
Adr changes:
Photoperisd:

Arclimation peroud:

STUDY DESIGN

In-life dates: WNot reported

Rt (male ondy)

Approximately -8 werks / 208266 g

hasles River UK Lad. (Margate. Kent, England)

Howas stated the groups were hagt 1 cages: lurwever, additions! infiwnution
{type of cage and rats per cage were not provided. Rats were poovided
unireated woed chew blocks wnd a red plastic shelier for envivonmental
envichment.

Pelleted Envigo Teklad 20140 dist, s Iibinm

Tag water, adf filinon

352470

46-70%

Not provided

12 bowrs light'12 hours dark

& s uinsomans

Animal assienment: Following receipt, the rats were weighed and randomly assigned to
the groups x Table 1. Mo additional information was reported.
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TABLE 1:  Study design®
Grou Dose Concentration Total # Time of tissue sampling (hours)
P mgke/day) (mg/mL) males 2 6 24 48
1 0 0 20 5 5 5 5
2 37.5 3.75 20 5 5 5 5
3 75 7.5 20 5 5 5 5

a Data were obtained from pages 20 and 52 of MRID 51129102.

3. Dose-selection rationale: The doses were the same as those used in the comet test (MRID
51129101).

4. Preparation of test formulations: For each dose formulation, an appropriate amount of
the test substance (adjusted for purity) was weighed and ground in a mortar with a pestle;
vehicle (aqueous 0.5% w/v methylcellulose) was added and mixed to form a paste.
Additional vehicle was added to produce a smooth, pourable suspension, and the suspension
was brought up to final volume with vehicle and homogenized.

Homogeneity and stability analyses were reported in MRID 51129101; the results are
reported here. Concentration analyses were performed on freshly prepared suspensions;
single samples from the top, middle, and bottom (vehicle was sampled twice from the
middle) were analyzed.

Results
Homogeneity analyses (%CV): 0.17-4.18%

Stability analysis (% of time 0): 100.7-107.1% following one day storage at ambient
temperatures; 101.7-106.6% following eight days storage refrigerated.

Concentration analysis (% of nominal): 96.3-99.3%

The analytical data indicated that the mixing procedure was adequate and that the variance
between nominal and actual dosage to the animals was acceptable.

5. Dose administration: The dose suspensions and positive control were administered by oral
gavage at a dose volume of 10 mL/kg; the volumes were calculated from the most recent
body weights. The dose suspensions were administered twice approximately 24 hours apart.

6. Statistics: Statistical analyses were not reported. Because only histopathological results
were investigated, the Reviewers do not consider a lack of statistical analyses to be a major
deficiency.

C. METHODS

1. Observation: The rats were observed regularly throughout the working day for mortality
and morbidity.
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2. Bodyv weight: All rats were weighed following arrival, on each day of dosing, and at
euthanasia. Rats having tissue sampling at 48 hovrs after the second dose were weighed on
Pay 3.

3. Food consumption: Food consumphon was not reported.

4. Microscopic patholegy: At approximately 2, 6, 24, or 48 hours after adoumistration of the
second dose, the rats were euthanized by carbon dioxude asphyvxaation. The stomach and
duodennm were excised, and sections were fixed in 10% neutral-buffered formalin,
rontinely processed, and visualized with hematoxylin and eosm or by using the termunal
deoxynucleotidyl transferase dUTP nick end labelng (TUNEL) or active caspase 3 staing
{methods for the TUNEL and achve caspase stans were not reported). All tissues and tune
points were examined microscopically for signs of eytotomicity, necrosts, and apoptosis.

II. RESULTS

A, CLINICAL SIGNS OF TOXICITY: There were ne clinical signs of toxicity observed in
any wroup. All rats swrvived to schedunled suthanasia,

B. BODY WEIGHTS: Body weight data are presented m Tables 2a-2¢. In the 2- and 6-howr
samphing groups, all rats 1w all treatment groups {except one 37.5 mg'kg/day rat; 2-howr
sampling time} lost nunor amounts of weight. These losses did not affect the results of the
study. The 24- and 48-how samphng groups were unaffected by treatment,

TABLE 2a.  Bean {= 500 body weights () i vats admtnistersd bwo doses of
dicandn viz woal gavage 24 bowrs apart and pothuedred at 2 and 6 howrs
after the second dose

Dose {mp'keiday} i

Pavi

Day 2

| Dav 2 enchanasia

2-hour sempling tme

i} 2455 138 245 = 138 243 £ 140
375 FAE SV 243 x 123 23 =106
I8 2342170 2360w 187 234179
G-hour samapling tine
i RExTY 231274 23k
3.5 I £88 3470 L5
I8 23X &S 35243 AR

2 Diata were oblabied from Appendiz §oon page 27 o MRID 311201062,

TABLE 3. Body weights {g) in rats miministered two doses of divarebsa via ol
gavngs 34 hours apart and euthamzed 81 34 heaws after the second dose.
3

Poss gmofgge’{lm*} Pay 1 BPav 2 BPav 2 vuthanasis
& 231 %140 I37k 114 241 = 14.0
38 245 =301 3= 208 2362 213
& 233175 238 188 344 £17.3%

a Drata wers obtatzed from Appendix | on page 28 ol MRID 51130102 N= 5
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TABLE 2¢. Body weights (g) in rats administered two doses of dicamba via oral gavage 24 hours apart and
euthanized at 48 hours after the second dose. *

Dose (mg/kg/day) Day 1 Day 2 Day 3 Day 4 euthanasia
0 224 +11.3 230+12.2 236+ 13.1 244 +12.6
37.5 245 + 8.7 250+ 6.4 259+ 10.2 268 +9.6
75 251+ 11.0 257 +10.6 265+ 124 276+ 12.8

a Data were obtained from Appendix 1 on page 29 of MRID 51129102. N = 5.

C. MICROSCOPIC PATHOLOGY:

1. Stomach: It was stated that there was no increase in the number/proportion of
apoptotic/necrotic cells in any animal on the hematoxylin and eosin stained sections; further,
no lesions of any kind were noted.

Caspase 3 staining revealed minimal staining of scattered cells in the limiting ridge or
glandular stomach in several treated and control rats with no apparent relationship to dose or
time after dosing.

Minimal to slight TUNEL staining was seen in the non-glandular region of the stomach in
several treated and control rats. There was no apparent relationship to dose or time after
dosing, and these findings were considered artefactual as there was no accompanying
caspase 3 staining.

2. Duodenum: It was stated that there was no increase in the number/proportion of
apoptotic/necrotic cells in any animal on the hematoxylin and eosin stained sections; further,
no lesions of any kind were noted.

It was stated that caspase 3 staining revealed minimal to slight numbers of scattered
apoptotic cells throughout the length of the villi in all animals with the number and
distribution of these cells having no apparent relationship to dose or time after dosing.

It was stated that there was no TUNEL staining observed in the duodenum in any animal.

111. DISCUSSION and CONCLUSIONS

A. INVESTIGATORS’ CONCLUSIONS: There was no detectable increase in
apoptotic/necrotic cells in the stomach or duodenum related to treatment with dicamba.

B. REVIEWER COMMENTS: The Reviewers agree with the Investigators’ Conclusions.
Treatment with dicamba did not cause cytotoxicity, necrosis, or apoptosis at the dose levels
administered in this study.

This study is classified as acceptable / non-guideline.
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C. STUDY DEFICIENCIES: The following deficiencies were noted:

e  Methods for the TUNEL and caspase 3 staining procedures were not reported.
e  Tabular data (including severity grading) for the microscopic findings were not
provided.
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DATA EVALUATION RECORD

STUDY TYPE: Mechanistic Follow-Up Study in Rats; OCSPP Non-Guideline; OECD 489.

PC CODE: 029801
DP BARCODE: D458715

TXR #: 0058082

TEST MATERIAL (PURITY): Dicamba (89.8% a.i.)

SYNONYMS: BAS 183 H; SAN837; 3,6-dichloro-2-methoxybenzoic acid

CITATION: Barfield, W. (2020) Dicamba techn. (BAS 183 H; SAN837 techn.): Follow up
study to determine potential ex vivo effects during comet tissue processing.
Covance CRS Ltd., Alconbury, Huntingdon, Cambridgeshire, UK. Laboratory
Study No.: MM44NB, March 30, 2020. MRID 51129103. Unpublished.

SPONSORS: Syngenta, Ltd., Jealott’s Hill International Research Centre, Bracknell,
Berkshire, UK

BASF SE, Ludwigshafen, Germany

EXECUTIVE SUMMARY: In a concurrently-reviewed, non-guideline, in vivo Comet test
(MRID 51129101), increased DNA strand breaks accompanied by increased numbers of
hedgehog cells were observed in the duodenum of Crl:CD(SD) male rats administered dicamba
in aqueous 0.5% methylcellulose via oral gavage (dose volume 10 mL/kg) at dose levels of
37.5 or 75 mg/kg/day. In order to further investigate potential ex vivo effects on point-of-contact
tissues, the present study was performed. In this non-guideline, mechanistic follow-up study
(MRID 51129103), groups of three Crl:CD(SD) male rats were administered dicamba (89.8%
a.l., batch # P.MG2726410) in aqueous 0.5% methylcellulose via oral gavage (dose volume

10 mL/kg) at dose levels of 0 or 75 mg/kg/day; two doses were administered approximately

24 hours apart. At approximately 0.5, 1, 2, 4, or 6 hours after the second dose, the rats were
cuthanized; control rats were cuthanized 2 hours after the second administration of vehicle. A
seventh group of three rats were administered three doses at 25 mg/kg at 30-minute intervals;
this dosing was performed twice 24 hours apart, and the rats were euthanized 2 hours after the
second dosing was completed. A positive control group was administered ethyl
methanesulfonate in purified water at 200 mg/kg and euthanized 3 hours after the single dose.
Single cell suspensions of the duodenum and liver were prepared for comet analysis.

Comet test data showed increased % tail intensity accompanied by increased hedgehog cells
across some, but not all, time points. The positive control generated data consistent with
expected findings. Intracellular pH data was subjective, not quantifiable, and inconclusive.
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Mincing solution pH and osmolality was not affected by incubation times or cell suspension
preparation. There were no microscopic findings of cytotoxicity, necrosis, or apoptosis.

This study is classified as acceptable / non-guideline.

COMPLIANCE: Signed and dated Data Confidentiality, GLP Compliance, Flagging, and
Quality Assurance statements were provided.
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MATERIALS AND METHODS

MATERIALS

Jest material:
Treseviption:
Batch &

Paxity:

CAS H ol TGAL
Seabilitn
Strsecture:

Dicamba
White solid
PRIGITI8410
R&.8%% a.b.
QIR0
Approxinstely bvo years stored at <3P0
£
3
¥
i i
HC

Vehicle: Aquecus 0.5% (w/v) methyvleellulose (batch #: SLBREYS63V, Sipma).

Test animals
Species:
Strain:
Age Sweight at Day In
Souyess

Houwstug:

Disd:

Waters

Envircomental conditions
Fruoperaiure:
Humidity:
Alr changes:
Photoperiod:

Arclimation perdad:

STUDY DESIGN

In-life dates: Not reported

Rat {male only
Crh OIS
Approximately T8 weeks /218280 ¢

Charles River UK Lad, Margate, Ko, England)

Theee vats/cage; however, addiional information (type of cage) were nut
provided, Rats weve provided untreated wood shew Wocks and 5 ved plastie
shelter for evirommental enricluvent,

Pelleted Buvige Tekled 204C diet, ad kit
Tag water, adf ibinon

3G24%7

AT

Nt provided

12 hwones Hght/12 howss dark

& s nunsomn

Animal assignment: Following receipt, the rats were weighed and randomly assigned to
the groups in Table 1. No additional mformation was reported.
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TABLE 1:  Study design®
Group Treatment Concentration Dose Tim.e of tissue # of rats
(mg/mL) (mg/kg/day) | sampling (hours) ?
1 Vehicle 0 0 2 3
2 Dicamba 7.5 75 0.5 3
3 Dicamba 7.5 75 1 3
4 Dicamba 7.5 75 2 3
5 Dicamba 7.5 75 4 3
6 Dicamba 7.5 75 6 3
7 Dicamba 2.5¢ 75 2 3
8 EMS 4 20 200 3 3

Data were obtained from page 20 of MRID 51129103.

Time after the second or final dose on Day 2.

Rats were administered three doses of 25 mg/kg at 30-minute intervals on two consecutive days.
EMS = ethyl methanesulfonate, single 200 mg/kg dose.

[= T ¢ T = i -}

3. Dose-selection rationale: The 75 mg/kg/day dose was used in the initial comet test (MRID
51129101).

4. Preparation of test formulations: For each dose formulation, an appropriate amount of
the test substance (adjusted for purity) was weighed and ground in a mortar with a pestle;
vehicle (aqueous 0.5% w/v methylcellulose) was added and mixed to form a paste.
Additional vehicle was added to produce a smooth, pourable suspension, and the suspension
was brought up to final volume with vehicle and homogenized.

Homogeneity and stability analyses were reported in MRID 51129101; the results are
reported here. Concentration analyses were not reported. It was stated that the pH of the
2.5 mg/mL formulation was 2.49 and the pH of the 7.5 mg/mL formulation was 2.10.

5. Deose administration: The dose suspensions and positive control were administered by oral
gavage at a dose volume of 10 mL/kg; the volumes were calculated from the most recent
body weights. The dose suspensions were administered twice approximately 24 hours apart.

6. Statistics: Statistical analyses were not reported. The data generated were compared to
historical control data.

C. METHODS

1. Observation: The rats were observed regularly throughout the working day for mortality
and morbidity.

2. Body weight: All rats were weighed following arrival, on each day of dosing, and at
euthanasia.

3. Food consumption: Food consumption was not reported.

4. Euthanasia: The rats were euthanized by carbon dioxide asphyxiation at the times
indicated in Table 1 (after the second or final dose on Day 2).
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Single cell preparations: Two methods for preparation of single cell suspensions from the
duodenum samples were used. Comet slides were prepared from the duodenum of animals
in Groups 1 to 8 by using Method 1 and Groups 1 to 6 by using Method 2. Single cell
suspensions of liver samples also were prepared and used for intracellular pH
measurements.

Duodenum method 1: The duodenum was excised, cleaned with complete mincing
solution (not described) by using the back of a scalpel blade, and placed into a tube with
additional mincing solution. The samples were incubated on ice for approximately

30 minutes (= 10 minutes) and cleaned a second time as above. The tissue was transferred
to a dish, additional complete mincing solution was added, and the tissue was minced by
using a scalpel blade to release the cells. The cells were stored in a tube on ice until slide
preparation.

Duodenum method 2: The duodenum was excised, placed in ice-cold Merchants solution
(not described), and vortexed for 15 seconds. The tissue was moved to a petri dish and the
inner surface scraped twice with the back of a scalpel blade to remove any waste material.
The tissue was moved to fresh ice-cold Merchants solution, vortexed for 15 seconds, and
placed back in the dish. Ice-cold Merchants solution (150 pL) was pipetted onto each
duodenum and the inner surface scraped three times (the Reviewers assume this step
released the cells). The cell suspension was stored in a tube.

Liver suspensions: Small sections of liver (approximately 0.5 cm?®) were cut and washed in
fresh complete mincing solution (not described) to remove as much blood as possible.

Fresh mincing solution was added, and the liver section was cut into several smaller pieces.
The pieces were transferred to a portion of 150-pm bolting cloth (not described) placed over
a tube and the liver was pushed through the cloth. Additional mincing solution was added
and any remaining liver was pushed through the cloth. The cell suspension was stored on
ice until slide preparation.

Intracellular pH measurements: Intracellular pH was measured with two
commercially-available kits (Fluorometric Intracellular pH Assay Kit, Sigma [kit 1] and
pHrodo™ Green AM intracellular pH Indicator, ThermoFischer [kit 2]). Briefly, the
remaining cell preparations obtained from the duodenum by using Method 1 were divided
into two equal portions and centrifuged. Two portions (500 pL) of the liver cell
preparations were centrifuged and the supernatant discarded. For kit 1, the cell pellets were
stained with the dye reagent (100 pL) and incubated for 30 minutes at 37°C in a 5% CO:2
atmosphere. The cells were qualitatively assessed for pH with a fluorescence microscope (A
excitation = 490 nm / X emission = 535 nm). It was stated that the dye used (BCFL-AM; not
described) penetrated into the cells. An acetoxymethyl (AM) group was cleaved by
intracellular esterase hydrolysis and the resulting BCFL fluorophore was retained in the cell.
The fluorescence intensity of the dye peaks at neutral pH and is reduced by lowering the pH.
Thus, a reduction of the fluorescence is a signal for low intracellular pH values. For kit 2,
the cell pellets were washed once in LCIS buffer (not described) and centrifuged again. The
dye reagent (100 pL) was added to the pellet, the pellet was resuspended, and the
suspension was incubated at 34-39°C for 30 minutes. The cells were then qualitatively
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10.

assessed for pH with a fluorescence microscope (A excitation = 490 nm / A emission =
535 nm). The dye used for this stain is weakly fluorescent at neutral pH but increasingly
fluorescent as the pH drops.

Mincing solution pH and osmolality measurements: The pH and osmolality of the
mincing solution were determined pre-incubation, post-incubation, and after the cell
suspensions were prepared from Groups 1 to 7.

Dicamba concentration analysis: The supernatant of the intracellular pH aliquots from the
duodenum preparations were stored at —30°C to —10°C. In addition to this, the mincing
buffer remaining after the 30 minutes incubations also was stored at —30°C to —10°C. It was
stated that the concentration analyses would be performed under a separate study.

Comet test: Single cell suspensions were prepared as described above. Comet slides were
prepared by first dipping glass slides into 1% normal melting point agarose and allowing
them to air dry. The single cell suspensions were diluted (diluent not reported) and mixed
with an appropriate volume of 0.5% low melting point agarose. The diluted suspension in
agarose was applied (75 puL) to the pre-dipped slide and a cover slip was applied. After the
agarose solidified, the cover slips were removed. For cell suspensions prepared by

Method 2, the slides were placed in lysis buffer (not defined) protected from light at 2-8°C
overnight. For cell suspensions prepared by Method 1, the slides were placed in lysis buffer
one hour after preparation of the first slide and refrigerated overnight. The following day,
the slides were rinsed with electrophoresis buffer (not defined) and placed on a horizontal
electrophoresis unit containing chilled electrophoresis buffer. Additional buffer was added
to cover the surfaces of the slides and the slides were allowed to incubate for 20 minutes to
allow the cellular DNA to unwind. The slides were electrophoresed at 18 V with a starting
current of approximately 300 mA (0.7-1.0 V/cm) for 30 minutes. It was stated that the
buffer temperature was maintained at 4-9°C during unwinding and electrophoresis. When
electrophoresis was complete, the slides were removed, rinsed three times for five minutes
each with neutralization buffer, and stored refrigerated and protected from light in
humidified boxes. The slides were stained with a nucleic acid-specific dye (SYBR GOLD®)
and examined with a fluorescence microscope linked to a CCD camera and image analysis
system (Perceptive Instruments COMET IV™).

The slides were first examined for signs of toxicity including background cellular debris
and/or increased incidence of excessively damaged cells (hedgehog cells); these cells were
excluded from analysis along with cells that had unusual staining artefacts. Fifty cells/slide
were scored to yield 150 cells/tissue/rat (Reviewers assume three slides/tissue/rat). The
extent of DNA migration (i.e., damage) was measured by determining the % tail intensity
defined as the fluorescence detected in the tail that is proportional to the amount of DNA
that moved from the head region to the (comet) tail.

Microscopic pathology: Duodenum sections were incubated in ice-cold mincing solution
for 30 minutes (as in Method 1), then fixed in 10% buffered formalin, routinely processed,
and stained with either hematoxylin and eosin or active caspase 3. Slides from Groups 1-7
were examined microscopically for cytotoxicity, necrosis, or apoptosis.
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II. RESULTS

A. CLINICAL SIGNS OF TOXICITY: There were no clinical signs of toxicity observed in
any group. All rats survived to scheduled euthanasia.

B. BODY WEIGHTS: Body weight data are presented in Table 2. All rats in all groups lost
minor amounts of weight (—4 gto —11 g) between administration of the second dose and
euthanasia. These losses did not affect the results of the study.

TABLE 2.  Mean (+ SD) body weights (g) in rats administered two 75 mg/kg/day doses of dicamba via oral
gavage 24 hours apart. ?
Dose (mg/kg/day) Time of euthanasia Day 1 Day 2 Day 2 euthanasia
(hours post-dose) ®
0 2 232+£6.2 239+ 5.1 235+5.5
75 0.5 233+93 238+ 12.5 233+ 124
75 1 236 +6.7 242+ 6.7 235+ 6.4
75 2 231+ 15.5 235+ 14.6 231+ 144
75 4 234+ 13.0 237+ 11.6 233+ 11.5
75 6 243+ 11.3 250+ 123 241+ 10.6
75¢ 2 226 £4.0 228+4.2 223451
EMS 200 ¢ 3 251+£3.5 240+3.2

Data were obtained from Appendix 1 on page 48 of MRID 51129103, N = 3.

Time after the second or final dose on Day 2.

Rats were administered three doses of 25 mg/kg at 30-minute intervals on two consecutive days.
EMS = ethyl methanesulfonate, single 200 mg/kg dose.

---  No data.

oo oo

C. COMET TEST: Percentage tail intensity and hedgehog cell data are presented in Tables 3
and 4.

1. % Tail intensity

a. Method 1: Tissue samples obtained at the 0.5-, 4-, and 6-hour time points from the rats
administered two 75 mg/kg/day doses, and tissue samples obtained at 2 hours from the rats
administered three 25 mg/kg doses all displayed increased mean and mean median % tail
intensity that was greater than the 95% confidence limits of the historical control data.
Tissue samples obtained at the 1- and 2-hour time points were similar to control. Positive
control samples displayed marked increases in mean and mean median % tail intensity.

b. Method 2: Tissue samples from all time points from all treated rats displayed increased
mean and mean median % tail intensity that was greater than the 95% confidence limits of
the historical control data. Positive control samples were not collected by using method 2.
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TABLE 3. Mean (+ SD) % tail intensity and median % tail intensity in rats administered two 75 mg/kg/day doses of
dicamba via oral gavage 24 hours apart. *
Deose (mg/kg/day) | Time of euthanasia % intensity Median % intensity
(hours post-dese) Method 1 Method 2 Method 1 Method 2
0 2 223+0.5 2.57+0.2 035+0.1 09+0.1
75 5 15.19£0.3 6.51£0.9 11.29 £ 0.9 308+1.1
75 1 3.69+0.4 772+ 1.7 098+0.6 4.10+1.3
75 2 3.03+0.6 8.36 £ 0.8 0.77+0.3 359+14
75 4 11.58 % 1.8 8.79 £ 4.2 7.08+1.5 501+25
75 6 15.68 £ 4.6 7.54+4.2 11.68 £ 5.0 3.83+28
75" 2 1047 £3.7 6.08+3.8
EMS 200 © 3 36.58 £ 8.3 33.26 £10.0

a
b
c

2.

3.

Data were obtained from Table 1 on page 34 of MRID 51129103, N=3.
Rats were administered three doses of 25 mg/kg at 30-minute intervals on two consecutive days.
EMS = ethyl methanesulfonate, single 200 mg/kg dose.
Bold values are >95% control limit of laboratory historical control database.
--- No data.

Hedgehog cells

Method 1: Tissue samples obtained at the 0.5-, 4-, and 6-hour time points from the rats
administered two 75 mg/kg/day doses, and tissue samples obtained at 2 hours from the rats
administered three 25 mg/kg/day doses all displayed markedly increased numbers of
hedgehog cells. Tissue samples obtained at the 1-hour time point displayed a slight increase
in hedgehog cells. Tissue samples from the 2-hour time point, control, and positive control

groups had no hedgehog cells.

Method 2: Tissue samples from all time points from all treated rats displayed increased
numbers of hedgehog cells; however, hedgehog cells also were observed in the vehicle

control group. Positive control samples were not collected by using method 2.

TABLE 4. Mean (+ SD) hedgehog cell data in rats administered two 75
mg/kg/day doses of dicamba via oral gavage 24 hours apart. *
Dose (mg/kg/day) | Time of euthanasia # of Hedgehog cells
(hours post-dose) Method 1 Method 2
0 2 0.0+0.0 83+1.2
75 5 353+8.5 10.3+4.5
75 1 13+1.5 140+2.6
75 2 0.0+0.0 11.0+£2.0
75 4 39.3+6.7 15.7+11.6
75 6 50.7+9.7 16.0+10.1
750 2 20.7+14.3
EMS 200 3 0.0+0.0

Data were obtained from Table 3 on page 39 of MRID 51129103, N =3.

Rats were administered 3 doses of 25 mg/kg at 30-minute intervals on two
consecutive days.
EMS = ethyl methanesulfonate, single 200 mg/kg dose.

---  No data.

Intracellular pH: It was stated that the differences in intracellular pH detected by using
kit 1 were not substantial but that an impact on intracellular pH levels could be detected.
The Reviewers do not consider this data useful to make any conclusions regarding
intracellular pH. Responses were described as no fluorescence, poor quality, low intensity,
or slight intensity; quantification of these descriptions was not possible.
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4. Mincing solution pH and osmolality measurements: Measurements of pH and osmolality
of the mincing solution post-incubation or following preparation of the cell suspensions
were generally similar to the values obtained pre-incubation.

5. Microscopic pathology: There were no effects of treatment noted during the microscopic
examinations.

IT1. DISCUSSION and CONCLUSIONS

A. INVESTIGATORS’ CONCLUSIONS: This study confirmed previous data, that Dicamba
techn. (BAS 183 H; SAN837 techn.) induces DNA damage under the described
circumstances. However, it remains unclear whether this damage is caused by a direct
interaction with the host DNA or is a product of indirect effects such as exposure to low
intracellular pH. Several parameters such as the intracellular pH determination, the length
of the exposure periods and the split dosing suggest the latter mechanism. However, the
data are too inconclusive for a definitive outcome.

B. REVIEWER COMMENTS: The Reviewers agree with the Investigators’ Conclusions
that the data generated in the present study are not conclusive.

Comet test data showed increased % tail intensity accompanied by increased hedgehog cells
across some, but not all, time points. The positive control generated data consistent with
expected findings. Intracellular pH data was subjective, not quantifiable, and inconclusive.
Mincing solution pH and osmolality were not affected by incubation times or cell
suspension preparation. There were no microscopic findings of cytotoxicity, necrosis, or
apoptosis.

This study is classified as acceptable / non-guideline.

C. STUDY DEFICIENCIES: The following deficiencies were noted:

e  Concentration analysis of the formulations were not reported.
e  Methods for caspase 3 staining procedures were not reported.
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DATA EVALUATION RECORD

STUDY TYPE: Mechanistic Follow-Up Study in Rats; OCSPP Non-Guideline; OECD 489.

PC CODE: 029801
DP BARCODE: D458715

TXR #: 0058082

TEST MATERIAL (RADIOCHEMICAL PURITY): ["C]-Dicamba (99% a.i.)

SYNONYMS: BAS 183 H; SAN837 technical; 3,6-dichloro-2-methoxybenzoic acid

CITATION: Hilton, A. (2020) ['*C]-Dicamba: duodenum kinetics in rats. Covance CRS
Ltd., Alconbury, Huntingdon, Cambridgeshire, UK. Laboratory Study No.:
MT42NJ, February 28, 2020. MRID 51129104. Unpublished.

SPONSORS: Syngenta, Ltd., Jealott’s Hill International Research Centre, Bracknell,
Berkshire, UK

BASF SE, Carl-Bosch-Strasse 38, Ludwigshafen am Rhein, Germany

EXECUTIVE SUMMARY: In a concurrently-reviewed, non-guideline, in vivo comet test
(MRID 51129101), increased DNA strand breaks accompanied by increased numbers of
hedgehog cells were observed in the duodenum of Crl:CD(SD) male rats administered dicamba
in aqueous 0.5% methylcellulose via oral gavage (dose volume 10 mL/kg} at dose levels of
37.5 or 75 mg/kg/day. The present study was performed to obtain the absorption kinetics and
rates and routes of excretion of dicamba following oral administration to rats. In this
non-guideline, absorption kinetics follow-up study (MRID 51129104), groups of four
Crl:CD(SD) male rats were administered [1*C]-dicamba (radiochemical purity 99%, batch #
WIE-I-57) in aqueous 0.5% methylcellulose via oral gavage (dose volume 10 mL/kg) at a dose
level of 75 mg/kg/day; two doses were administered approximately 24 hours apart. At
approximately 0.5, 1, 2, 4, or 6 hours after the second dose, the rats were euthanized. Whole
blood and plasma, duodenum sections, mincing solutions and scrapings, liver sections, and urine
samples were obtained at each time point and analyzed for radioactivity.

No clinical signs of toxicity were reported.
[1*C]-Dicamba is rapidly absorbed after oral gavage administration. The maximum
concentration of ['*CJ-dicamba in whole blood was observed at 0.5 hours after the second dose

and declined steadily to the final 6-hour sample. Similarly, the maximum concentration of
[1*C]-dicamba in plasma was observed at 0.5 hours after the second dose and declined steadily to
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the final 6-hour sample. Plasma concentrations were consistently greater than those in whole
blood.

In the duodenum sections, mean total radioactivity and mean concentration of radioactivity were
greatest at 0.5 hours after the second dose and declined with time. Concentrations were still
measurable at 6 hours after the second dose. Concentrations in duodenum sections were greatest
in section A (immediately after the stomach) and declined from sections A to B and generally
declined from sections B to C between 0.5-2 hours after the second dose. At 4 and 6 hours,
mean concentrations were generally similar across all sections. Mean total radioactivity and
mean concentrations of radioactivity in the mincing solutions and scrapings were less than those
found in the duodenum sections and followed the same time course, approaching the limit of
quantitation at 6 hours. Mean concentrations of radioactivity in the liver sections were greatest
at 0.5 hours after the second dose and declined with time to 6 hours.

Radioactivity was detectable in the urine at 1 hour following the first dose with the greatest
concentration at 4 hours. Radioactivity concentrations fell to the lowest concentration at

24 hours after the first dose. Following the second dose, radioactivity began to rise, with the
greatest concentration at 2 hours after the second dose and falling with time to the final
collection at 6 hours.

This study is classified as acceptable / non-guideline.

COMPLIANCE: Signed and dated Data Confidentiality, GLP Compliance, Flagging, and
Quality Assurance statements were provided.
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details provided). A stock solution of [1*C]-dicamba was prepared by dissolving the
radiolabel in acetonitrile (0.5 mL) and mixing by inversion until dissolved. The stock
solution was stored at —70°C + 10°C. The dose formulations were prepared by first
combining ["*C]-dicamba and non-labeled dicamba in acetonitrile to yield the desired
specific activity. This dilution was placed in a mortar and dried under a stream of nitrogen.
The vehicle (aqueous 0.5% [w/v] methyleellulose) was added and the radiolabel suspended
with a mortar. This suspension was transferred to a dose vessel (not described), stirred
continuously, and sonicated. Formulation details are presented in Table 1.

TABLE 1. Dose preparations. ?

Parameter Day 1 Day 2
Weight [“C]-dicamba (ing) 5.018 4.908
Weight non-labeled dicamba (mg) 524.76 531.941
Volume of vehicle (ml) 70 70
Calculated specific activity (dpm/mg) 3867430 3791451
Concentration of ['*C]-dicamba (mg/mL) 7.497 7.599
Volume administered (mL/kg) 10 10

a Data obtained from Appendix 2 on pages 44-45 of MRID 51129104.

Triplicate portions of each formulation were sampled pre- and post-dosing and assayed by
liquid scintillation counting (LSC).

B. STUDY DESIGN AND METHODS

1. In-life dates: Not reported.

2. Animal assignment: Study details are presented in Table 2. Following receipt, the rats
were weighed and randomly assigned to the groups. No additional information was

reported.
TABLE 2. Absorption kinetics and excretion study after administration of ['*C]-dicamba by two oral gavage doses of
75 mg/kg/day to rats. *
. b - b Dose administered
Number Sampling Body weight (g) Dose administered (mg) b
Group . g (mg/kg/day)
of Rats time (hours)
Day 1 Day 2 Day1 Day2 Day 1 Day 2
1 4 0.5 228+ 6 235+ 8 17.05+048 | 17954065 | 749+04 | 763+0.3
2 4 1 238+ 10 247+7 17.80+0.89 | 1871+0.36 | 748+0.6 | 759+0.7
3 4 2 24149 247+9 1799+0.53 | 1871+0.57 | 747+0.6 | 759+0.7
4 4 4 248+ 5 256+ 5 18.55+0.37 | 19.57+0.38 | 748+04 | 76.5+0.7
5 4 6 240+ 11 248 + 11 17.99+1.02 | 18814+0.66 | 75.1+08 | 759+0.9

a Data were obtained from page 17 and Appendix 2 on pages 44-45 of MRID 51129104.
b Mean + SD calculated by the Reviewers.

3. Dosing and sample collection

a. Dose selection: The 75 mg/kg/day dose level was used in previously performed comet test
(MRID 51129401).

b. Dosing: The dose suspensions were administered by oral gavage at a dose volume of
10 mL/kg; the volumes were calculated from the Day 1 and 2 body weights. The dose
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suspensions were administered twice approximately 24 hours apart. The mean (= SD) doses
administered for each group are shown in Table 1.

All rats were observed immediately after dosing, at approximately 1-2 hours post-dosing,
and at least one other time during the day for clinical signs of toxicity.

¢. Sample collection: At the times specified in Table 2, the rats were anesthetized with
isoflurane and blood samples (approximately 8 mL) were obtained by cardiac puncture.
Duplicate portions (50 uL) were removed for radioanalysis and the remaining portion was
centrifuged to yield plasma. Duplicate portions (50 pL) of plasma were removed for
radioanalysis. The rats were euthanized by cervical dislocation and the duodenum,
remaining gastrointestinal tract (including contents), and liver were excised; the residual
carcass was retained but not analyzed. The duodenum was isolated and three 2-cm lengths
were cut starting from the stomach. The sections were rinsed with mincing solution (not
described) and scraped clean; each section was then placed in a separate scintillation vial.

Urine and feces were collected separately from the rats of Group 5 (6-hour sampling time)
only. Urine was collected from each rat at 0-1, 1-2, 2-4, 4-6, and 6-24 hours after the first
dose and 0-1, 1-2, 2-4, and 4-6 hours after the second dose. Feces were collected during
0-24 hours after the first dose and 0-6 hours after the second dose; the cages were washed
with water (100 mL) at each feces collection. The urine and feces containers were cooled
with dry ice.

All samples were stored at —20°C = 10°C until analysis.

4. Sample treatment: Treatment of the fecal samples was not discussed and fecal results
were not reported.

a. Urine: The urine samples were thawed and weighed, and duplicate weighed portions were
added directly to scintillation solvent.

b. Duodenum: The duodenum sections were weighed and digested with a tissue solubilizer
(Goldisol) at approximately 55°C until the digestion was complete. The digest was mixed
with scintillation solvent.

¢. Mincing solution: The mincing solution from each duodenum section was weighed and
solubilized in a mixture of water, methanol, and Triton X-405 (6:3:1; v/v) with 80 g/L
sodium hydroxide at approximately 55°C until the digestion was complete. The digest was
weighed, and duplicate weighed portions were added directly to scintillation solvent.

d. Liver: The liver samples were thawed, weighed, and mechanically homogenized.
Duplicate weighed portions were digested with tissue solubilizer as for duodenum sections.
The digest was mixed with scintillation solvent.

e. Blood and plasma: Duplicate weighed portions of blood and plasma were removed for
radioanalysis; plasma was added directly to scintillation solvent and blood was combusted.
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1.

Analvtical methodology

Combustion analyses: Blood samples were combusted with a sample oxidizer.
Combustion products were trapped with a commercially-available absorbent and mixed with
scintillation solvent. Recovery tests were conducted by combusting a commercial standard
fortified with appropriate radioactivity, and efficiency was generally >95%. Radioactivity
measurements were corrected for combustion efficiency.

Liquid scintillation counting (LSC): Radioactivity was measured using LSC having
automatic quench correction (additional details not provided). Background levels were
determined and radioactivity less than twice background was considered below the limit of
quantification.

Thin-layver chromatography (TL.C): Radiochemical purities of the stock solution and
dose formulations were determined by TLC. TLC was conducted with
commercially-available normal phase plates (silica gel 60 F2s4, 0.25 mm thickness) with a
toluene:acetone:acetic acid (65:35:5, v:v) solvent system. Linear-scaled
radiochromatograms were visualized with an image analyzer (FLA-5000; Fuji Photo Film
Co., Japan) and software.

Statistics: Statistical analyses were not conducted. Mean + standard deviation (SD) or
individual data were reported. Data below the limit of quantification were reported as BLQ.

RESULTS

RADIOLABELED DOSE

Radiochemical purity: The radiochemical purities of the stock solution and Day 1 and 2
dose formulations as determined by TLC were 99.7%, 99.9%, and 99.7%, respectively.

Dose levels: The mean actual doses administered are presented in Table 2. The actual
doses administered ranged between 99.6-102.0% of the nominal dose levels.

CLINICAL SIGNS: No treatment-related clinical signs of toxicity were observed.

ABSORPTION/PHARMACOKINETICS

Whole blood and plasma kinetics: Whole blood and plasma kinetics are presented in
Table 3. The maximum concentration of ['*C]-dicamba in whole blood was observed at
0.5 hours after the second dose (35.6 pg-equivalents/g; 161 nmol equivalents/g) and
declined steadily to the final 6-hour sample (1.15 pg-equivalents/g;

5.20 nmol equivalents/g). Similarly, the maximum concentration of ['*C]-dicamba in
plasma was observed at 0.5 hours after the second dose (53.4 pg-equivalents/g; 242 nmol
equivalents/g) and declined steadily to the final 6-hour sample (1.81 pg-equivalents/g;
8.19 nmol equivalents/g). Plasma concentrations were consistently greater than those in
whole blood.
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TABLE 3. Mean (+ SD) concentrations of total radioactive residues in whole blood
and plasma after two oral doses of [1*C]-dicamba at 75 mg/kg/day to male
rats. ®

, Concentration
Time post-dose : : -
(hours) pg-equivalents/g nmol equivalents/g
Whole blood Plasma Whole blood Plasma
0.5 35.6+5.1 534+738 161 +23 242+ 35
1 28.6+6.7 43.3+10.2 129 £ 30 196 + 46
2 152+62 231497 68.8 +28.1 105+ 44
4 424+1.01 6.45 4+ 1.54 19.2+4.6 292470
6 1.15+0.96 1.81+1.38 5.20 +4.34 8.19+6.24

a Data were obtained from Tables 1 and 2 on pages 26-27 of MRID 51129104,
n = 4 samples/time point.

2. Duodenum kinetics: Total amounts and concentrations of radioactivity in the duodenum
sections and mincing solutions and scrapings are presented in Table 4.

a. Duodenum sections: In the duodenum sections, mean total radioactivity and mean
concentrations of radioactivity were greatest at 0.5 hours after the second dose and declined
with time. Mean total radioactivity in section A declined from 6.07 pg-equivalents to
0.185 pg-equivalents, section B declined from 2.39 pg-equivalents to 0.158 pg-equivalents,
and section C declined from 2.31 pg-equivalents to 0.118 pg-equivalents. Mean
concentrations of radioactivity in the sections also were greatest at 0.5 hours after the
second dose with concentrations that ranged from 20.9 pg-equivalents/g to
11.6 pg-equivalents/g (94.6 nmol equivalents/g to 52.5 nmol equivalents/g) in sections A, B,
and C and declined with time. Concentrations were still measurable at 6 hours after the
second dose with concentrations ranging from 0.536 pg-equivalents/g to
0.504 pg-equivalents/g (2.28 nmol equivalents/g to 2.43 nmol equivalents/g).
Concentrations in duodenum sections were greatest in section A (immediately after the
stomach) and declined from sections A to B and generally declined from sections B to C
between 0.5-2 hours after the second dose. At 0.5 hours, mean concentrations in section A
were 20.9 pg-equivalents/g (94.6 nmol equivalents/g) declining to 6.62 pg-equivalents/g
(30 nmol equivalents/g) at 2 hours. Mean concentrations in section B at 0.5 hours were
13.3 pg-equivalents/g (60.2 nmol equivalents/g) declining to 5.33 pg-equivalents/g
(24.1 nmol equivalents/g) at 2 hours. Mean concentrations in section C at 0.5 hours were
11.6 pg-equivalents/g (52.5 nmol equivalents/g) declining to 5.92 pg-equivalents/g
(26.8 nmol equivalents/g) at 2 hours. At 4 and 6 hours, mean concentrations were generally
similar across all sections.

b. Mincing solutions and scrapings: Mean total amounts of radioactivity in section A ranged
from 0.045 pg-equivalents to 0.001 pg-equivalents, section B ranged from
0.016 pg-equivalents to 0.001 pg-equivalents, and in section C ranged from
0.013 pg-equivalents to <0.001 pg-equivalents. Mean concentrations of radioactivity were
greatest at 0.5 hours, ranging from 0.025 pg-equivalents/g to 0.007 pg-equivalents/g
(0.114 nmol equivalents/g to 0.032 nmol equivalents/g) and declined with time, approaching
the limit of quantification at 6 hours.
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TABLE 4. Mean (+ SD) concentrations of total radioactive residues in duodenum sections and mincing solution and scrapings
after two oral doses of ['*C]-dicamba at 75 mg/kg/day to male rats. ?

Concentration
Time Duodenum sections Mincing solution and scrapings
post—dﬁse T ota! . Concentrations | Concentrations T ota! . Concentrations | Concentrations
(hours) radioactivity (ug-equiv./g) (nmol equiv./g) radioactivity (ng-equiv./g) (nmol equiv./g)
(ng-equiv.) pg-equiv./g quiv./g (ug-equiv.) pg-equiv./g quiv./g
0.5
Section A 6.07 +2.81 20.9 + 8.4 94.6 + 38,0 0.045 + 0.036 0.025+0.019 0.114 +0.085
Section B 2.39+0.71 13.3 +4.4 60.2 +20.1 0.016 + 0.006 0.009 £+ 0.003 0.038+0.015
Section C 2.31+0.93 11.6 +£2.0 52.5+9.0 0.013 +0.004 0.007 + 0.003 0.032+0.013
1
Section A 4.39+1.98 14.5+7.6 65.6+34.2 0.020 + 0.009 0.011+0.005 0.049 +0.022
Section B 1.96 £ 0.63 9.69 + 2.53 43.8+11.4 0.009 £ 0.003 0.005 + 0.002 0.024 + 0.009
Section C 2.03 £ 0.65 871+1.75 394+79 0.007 £+ 0.003 0.005 +0.001 0.022 £+ 0.004
2
Section A 2.22+1.14 6.62+2.71 30.0+12.3 0.007 £ 0.002 0.004 £+ 0.001 0.017 £0.004
Section B 1.25+0.60 533+2.03 241+92 0.004 £+ 0.002 0.003 £ 0.001 0.013 +£0.004
Section C 1.31+£0.59 592+2.16 26.8+98 0.004 & 0.002 0.003 £ 0.001 0.012 £ 0.006
4
Section A 0.574 £ 0.180 1.82+0.38 824+1.72 0.002 £ 0.001 0.001 £ 0.001 0.006 £ 0.002
Section B 0.357£0.152 1.53 £0.50 6.92+2.28 0.002 £+ 0.001 0.001 £ 0.001 0.006 £ 0.002
Section C 0.363+0.112 1.81+£0.87 8.19+3.95 0.003 = 0.002 0.002 £ 0.001 0.007 £ 0.005
6
Section A 0.185 +0.095 0.504 + 0.290 2.28+1.31 0.001 +<0.001 | 0.001 +<0.001 0.005
Section B 0.158 £ 0.154 0.534 +0.396 242+ 1.79 0.001 +<0.001 | 0.001 +<0.001 0.005
Section C 0.118 +0.099 0.536 +0.440 2.43+1.99 <0.001 + <0.001 <0.001 <0.001

a Data were obtained from Tables 3-8 on pages 28-33 of MRID 51129104; n = 4 samples/time point.

3. Liver kinetics: Liver kinetics are presented in Table 5. The mean concentration of
radioactivity was greatest at 0.5 hours after the second dose (17.4 pg-equivalents/g;
78.7 nmol equivalents/g) and declined with time to 6 hours (0.98 ng-equivalents/g;
4.45 nmol equivalents/g).

TABLE 5. Mean (+ SD) concentrations of total radioactive residues in liver samples
after two oral doses of [“C]-dicamba at 75 mg/kg/day to male rats.
Tlm(eh}())?];ts-)dose pg-equivalents/g nmeol equivalents/g
0.5 17.4+2.7 78.7+£123
1 13.7+3.3 62.0+14.8
2 7.75+2.49 351+11.3
4 2.88 +0.86 13.0+3.9
6 0.983 +0.554 4.45 +2.51

a Data were obtained from Tables 10 and 11 on pages 35-36 of MRID 51129104;
n = 4 samples/time point.

4. Urine: Urine data are presented in Table 6. Radioactivity was detectable in the urine at
1 hour following the first dose (1020 pg-equivalents/g), with the greatest concentration at
4 hours (4680 pg-equivalents/g). Radioactivity concentrations fell with time to a low of
111 pg-equivalents/g at 24 hours after the first dose. Following the second dose,

radioactivity concentrations began to rise, with the greatest concentration at 2 hours after the

second dose (6040 pg-equivalents/g) falling with time to the final collection at 6 hours
(5570 ng-equivalents/g).
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TABLE 6. Mean (+ SD) concentrations of total radioactive
residues in urine samples after two oral doses of
[14C]-dicamba at 75 mg/kg/day to male rats. ?
( daj’a-il-n}?(:fxrs) ug-equivalents/g
Day 1, 1 hour 1020+ 1170
Day 1, 2 hours 4060+ 4710
Day 1, 4 hours 4680 + 2300
Day 1, 6 hours 2580 + 1010
Day 1 24 hours 111+32
Day 2, 1 hour 597 + 62
Day 2, 2 hours 6040 + 4240
Day 2, 4 hours 4460 + 3040
Day 2, 6 hours 5570 + 8550

a Data were obtained from Table 9 on page 34 of MRID
51129104; n = 4 samples/time point.

111. DISCUSSION and CONCLUSIONS

A.

INVESTIGATORS’ CONCLUSIONS: Dicamba is rapidly absorbed following oral
administration to male rats, with maximum mean radioactivity concentrations observed in
whole blood, plasma, liver, and duodenum occurring at 0.5 hours post dose (first sampling
time).

Mean concentrations of ['*C]-dicamba between duodenum sections A, B and C showed that
section A (the first 0-2 cm after the stomach) contained the greatest concentrations at earlier
time points (0.5-2 hours). At later time points (4 and 6 hours), mean concentrations between
duodenum sections were generally similar, indicating a more uniform distribution of
radioactivity within the duodenum.

REVIEWER COMMENTS: No clinical signs of toxicity were reported.

The maximum concentration of ['*C]-dicamba in whole blood was observed at 0.5 hours
after the second dose and declined steadily to the final 6-hour sample. Similarly, the
maximum concentration of [*C]-dicamba in plasma was observed at 0.5 hours after the
second dose and declined steadily to the final 6-hour sample. Plasma concentrations were
consistently greater than those in whole blood.

In the duodenum sections, mean total radioactivity and mean concentration of radioactivity
were greatest at 0.5 hours after the second dose and declined with time. Concentrations
were still measurable at 6 hours after the second dose. Concentrations in duodenum
sections were greatest in section A (immediately after the stomach) and declined from
sections A to B and generally declined from sections B to C between 0.5-2 hours after the
second dose. At 4 and 6 hours, mean concentrations were generally similar across all
sections. Mean total radioactivity and mean concentrations of radioactivity in the mincing
solutions and scrapings were less than those found in the duodenum sections and followed
the same time course, approaching the limit of quantitation at 6 hours. Mean concentrations
of radioactivity in the liver sections were greatest at 0.5 hours after the second dose and
declined with time to 6 hours.
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Radioactivity was detectable in the urine at 1 hour following the first dose with the greatest
concentration at 4 hours. Radioactivity fell to the lowest concentration at 24 hours after the
first dose. Following the second dose, radioactivity concentrations began to rise, with the
greatest concentration at 2 hours after the second dose and falling with time to the final
collection at 6 hours.

The Reviewers agree with the Investigators’ conclusions.
This study is classified as acceptable / non-guideline.

C. STUDY DEFICIENCIES: The following deficiency was noted:

e  Formulation analyses were not reported.
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EXECUTIVE SUMMARY: In a non-guideline, gene mutation assay (MRID 51129105),
groups of seven male Muta™Mouse (CD2-LacZ80/HazfBR) mice/dose level were administered
dicamba (89.8% a.i., batch # P.MG2726410) in the diet at dose levels of 0, 1200, 3000, or

7000 ppm (equivalent to 0, 176.4, 431.1, and 924.9 mg/kg/day) for 28 consecutive days. After a
three-day period for mutations to become fixed in the genomic DNA, the mice were euthanized
on Day 31. A positive control group of seven male mice were administered
N-ethyl-N-nitrosourea (ENU) in 1/15 mol/L sodium phosphate buffer (pH 6.0) by i.p. injection
(dose volume 10 mL/kg) at a dose level of 100 mg/kg/day; two doses were given approximately
24 hours apart on Days 3 and 4. After ten days, these mice were euthanized on Day 14. The
duodenum was examined for genomic DNA mutations induced by test substance exposure.

There were no effects of treatment on clinical signs of toxicity, absolute or relative (to body)
duodenum weights, or necropsy or microscopic findings. There were no changes in absolute or
relative (to body) duodenum weights in the ENU-treated group.

In the 7000 ppm group, there were decreases in body weight on Days 15 (}6%) and body weight
gain during Days 1-31 (—0.1 g treated vs 0.7 g control). Additionally, at 7000 ppm, food
consumption was decreased by 22% during Days 1-3. In the positive control group, there was a
decrease in body weight during Days 1-14 ([ 8%).

Administration of dicamba in the diet did not increase mutant frequency. All mean values fell
within the 95% confidence range (14.4 x 1076 to 86.9 x 107%) calculated from the historical
control data. The positive control (ENU) produced a marked 10.6-fold increase in the mutant
frequency.

This study is classified as acceptable / non-guideline.

COMPLIANCE: Signed and dated Data Confidentiality, GLP Compliance, Flagging, and
Quality Assurance statements were provided.
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I. MATERIALS AND METHODS

A. MATERIALS

1. Test compound Dicamba (BAS 183 H; SAN837 techn.)

Age / weight at Day 1:
Source:

Description: White solid
Lot #: P.MG2726410
Purity: 89.8% a.i.
CAS # of TGAL 1918-00-9
Expiration/storage: Approximately ten years stored at room temperature
Structure: My 0 o oH
4 o 0
S S
Vehicle: Diet.
Test animals
Species: Mouse (male only)
Strain: CDn-LacZ80/HazfBR (Muota™Mouse) transgenic mouse

11 weeks / 25.5-29.7 g
Japan Laboratory Animals, Inc.

Housing: Individually in metallic mesh cages with an aluminum tray and bedding.
Diet: Powdered CRF-1 diet sterilized by irradiation (Oriental Yeast), ad libitum.
Water: Tap water, ad libitum.
Environmental conditions

Temperature: 22.8-23.1°C

Humidity: 47-57%

Air changes: >12 / hour

Phoetoperiod: 12 hours light/12 hours dark
Acclimation period: Approximately 8 weeks

B. STUDY DESIGN

1. Introduction: It was stated that the aim of the present study was to investigate if dicamba
could induce gene mutations (reporter gene: /acZ) in transgenic mice (Muta™Mouse)
following dietary administration for 28 consecutive days by using the transgenic rodent
(TGR) mutation assay. The TGR mutation assay was conducted according to the OECD
TG-488 test guideline. The assay is used for the detection of in vivo mutations induced by
the test substance by analyzing target organs. Genomic DNA is extracted from target
organs of mice administered the test substance. The target gene is recovered from the
genomic DNA by incorporation of the transgene into a A bacteriophage or plasmid shuttle
vector. Mutations are in vivo mutations that arise in the mouse and are detected by positive
selection methods. The TGR mutation assay with /acZ bacteriophage mouse
(Muta™Mouse) was considered appropriate for an evaluation of potential mutations
because it has sufficient historical control data.

2. In-life dates: Start: October 29, 2019 End: November 28, 2019
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3. Animal assignment: The mice were randomly assigned to the groups presented in Table 1
based on body weight on Day 1. It was stated that the weight range was not to exceed £20%
of the mean weight.

TABLE 1: Study design®
Dietary Compound intake
Test group concentration (ppm) (mg/kg/day) # males ¢

Control 0 0 7
Low 1200 176.4 7
Mid 3000 431.1 7
High 7000 9249 7
Positive control --- 100 7

a Data were obtained from pages 34 and 43 of MRID 51129105.

b Positive control = 100 mg/kg/day N-ethyl-N-nitrosourea (ENU), administered by two i.p.
injections approximately 24 hours apart.

¢ Seven mice/group were treated but only six mice/group were evaluated.

--- Not applicable

The first day of administration was designated as Day 1. The dietary formulations were
administered during Days 1-28. The positive control mice were fed basal diet and were
administered ENU by 1.p. injection on Days 3 and 4 approximately 24 hours apart.

4. Dose selection rationale: The doses used in the present study were selected based on a
dose range-finding study (MRID 51129406). A summary of this study is presented as
Appendix 1 at the end of this DER.

S. Diet preparation and analysis: The dietary formulations were prepared by weighing an
appropriate amount of the test substance (corrected for purity) and mixing it with basal diet
using a mortar and pestle to form a premix. The premix was sieved (600 uM), transferred to
a mixer, and combined with additional basal diet to yield the desired dietary concentration.
The formulations were stored in sealed containers at room temperature and used within
eight days.

A validation study (MRID 51129107) for an analytical method to detect dicamba in the
basal diet is presented as Appendix 2 at the end of this DER.

Homogeneity and concentration analyses (MRID 51129108') and stability analyses
(MRID 51129109%) were presented in separate, concurrently-reviewed documents and are
summarized here. Six samples (three samples from the top and bottom strata each) were
randomly collected from each test substance formulation (one sample of the control/basal
diet) and analyzed for homogeneity and concentration. Stability analyses were performed
after completion of the definitive study (December 2019) on a 1000 ppm dietary

! Bangert, L. (2020) BAS 183 H (Dicamba techn.): homogeneity and concentration control analysis in powdered diet
CRF-1 (Oriental Yeast). BASF SE, Experimental Toxicology and Ecology, Ludwigshafen, Germany. Laboratory
Study ID: 887680, January 30, 2020. MRID 51129108. Unpublished.

2 Wagner, 1. (2020) BAS 183 H (Dicamba techn.): stability analysis in powdered diet CRF-1 (Oriental Yeast).
BASF SE, Experimental Toxicology and Ecology, Ludwigshaten, Germany. Laboratory Study ID: 887679,
February 11, 2020. MRID 51129109. Unpublished.
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formulation; five samples were randomly collected following 0, 1, 3, 8, and 9 days storage
at ambient temperature.

Results

Homogeneity (%RSD): 2.7-3.6%

Stability (% of time 0): 96.6% after 9 days storage at ambient temperature
Concentration (% nominal): 104.8-123.6%

The analytical data indicated that the mixing procedure was adequate and that the variance
between nominal and actual dosage to the animals was acceptable. The variance between
nominal and actual dosage was greater than normally accepted; however, because this is a
special study and the high dose was intended to approximate a limit dose of 1000
mg/kg/day, the Reviewers do not consider this to be a major deficiency.

6. Positive control preparation: The positive control (ENU; N-ethyl-N-nitrosourea) was
prepared by weighing the required amount and diluting it with 1/15 mol/L sodium
phosphate buffer (pH 6.0) to yield a 10 mg/mL solution just prior to use. Formulation
analyses were not reported.

7. Statistics: The following statistical analyses were performed. All statistical tests were
two-tailed and significance was denoted at p<0.05.

Parameter Analyses
Body weights, body weight gains, absolute and relative (to Group means were analyzed with Bartlett’s test for
body) organ weights, and food consumption homogeneity of variance. If Bartlett’s test was not

significant (p>0.05), Dunnett’s multiple comparison test was
used to compare the treatment groups to the control. If
Bartlett’s test was significant (p<0.05), Steel’s test was
performed to compare the treatment groups to the control.
Mutation frequency Group means for the treatment groups and the control were
analyzed as above. Group means for the control and positive
control groups were analyzed with an F test for homogeneity
of variance. Ifthe F test was not significant (p>0.05),
Student’s t-test was performed. If the F test was significant
(p<0.05), an Aspen-Welch t-test was performed.

The Reviewers consider the statistical analyses used appropriate.
C. METHODS

1. Observations: The mice were observed for mortality and morbidity twice daily on
weekdays during dosing and once daily on weekends and between dosing and euthanasia.

2. Body weights and body weight gains: The control and treated mice were weighed on
Days 1, 3, 8, 15, 22, 29, and 31 (just prior to euthanasia). The positive control (ENU) mice
were weighed on Days 1 and 14 (just prior to euthanasia).
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3. Food consumption and compound intake: Food consumption (g/mouse/day) of the
control and treated mice was determined by weighing the feeder on Day 1, 3, 8, 15, 22, and
29. It was stated that compound intake (mg/kg/day) was calculated but the method was not
reported. (The Reviewers assume the calculations used the food consumption and body
weight data and the nominal dietary concentrations.)

4. Sacrifice and patholegy: The control and treated mice were euthanized by blood
sampling/exsanguination under isoflurane anesthesia; the positive control mice were
euthanized by exsanguination under isoflurane anesthesia. All mice were given a complete
necropsy; the following tissues (X) were collected and the (XX) tissues were weighed.

XX | Duodenum X | Kidney X | Lymph node (mesenteric)
X | Liver X | Heart X | Testis
X | Stomach X | Bladder X | Vas deferens/canda epididymis

Organs and tissues were processed as follows. Following processing, all tissues were stored
in an ultralow temperature freezer.

a. Duodenum: The duodenum was examined macroscopically, weighed, and an
approximately 6-cm section from the pylorus of the stomach was incised and the contents
removed by flushing with isotonic saline. The duodenum was then cut into three segments
approximately 2 cm long each. The section nearest the pylorus was fixed in 10%
neutral-buffered formalin and the other two sections were frozen in liquid nitrogen. The
fixed duodenum was processed routinely, stained with hematoxylin and eosin, and
examined microscopically.

b. Liver: Two samples were obtained from the left lateral lobe and frozen separately in liquid
nitrogen. The remaining lobes were placed in a storage bag, compressed, and frozen with a
flat-bottomed metal container filled with liquid nitrogen. The remaining left lateral lobe
was fixed in 10% neutral-buffered formalin.

c¢. Stomach: The stomach was incised and the contents removed by flushing with isotonic
saline. A portion of the stomach (including forestomach and glandular stomach) was
trimmed to approximately 4 X 10 mm and fixed in 10% neutral-buffered formalin. The
remaining part was separated into forestomach and glandular stomach (two pieces), placed
into separate storage bags, and frozen in liquid nitrogen.

d. Kidney: The capsule of the left kidney was removed, and two 1-2 mm thick pieces of the
left kidney were sliced off and frozen separately in liquid nitrogen. The capsule of the right
kidney was removed and the right kidney was fixed in 10% neutral-buffered formalin.
Remaining parts were compressed in a storage bag and frozen with a flat-bottomed metal
container filled with liquid nitrogen.

e. Heart: The heart was placed in a storage bag, compressed, and frozen with a flat-bottomed
metal container filled with liquid nitrogen.
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Bladder: The bladder was flushed with isotonic saline and frozen in liquid nitrogen.

Lymph node: Approximately one-third of the mesenteric nodes were fixed in 10%
neutral-buffered formalin; the remaining nodes were placed in a storage bag, compressed,
and frozen with a flat-bottomed metal container filled with liquid nitrogen.

Testes: The testes were frozen separately in liquid nitrogen.
Vas deferens/cauda epididymis: The tissue was incised and placed in a petri dish with

1.5 mL of cold Dulbecco’s phosphate-buffered saline. The suspended germ cells were
filtered with a 40-uM cell strainer and a 1-mL portion was frozen in liquid nitrogen.

Extraction of duodenal genomic DNA: Lysis buffer (3 mL; containing RNase) was added
to a Dounce-type homogenizer and cooled with ice, then a frozen tissue sample was added
and homogenized with a pestle. The homogenate was added to a chilled tube containing
0.5 M sucrose (3 mL) and centrifuged. The supernatant was removed and cooled
RNase-containing Dounce buffer (3 mL) was added and mixed well to yield a nuclear/cell
suspension. Next, a proteinase K solution (3 mL) was added to the suspension and gently
mixed. This suspension was incubated at 50°C for approximately three hours until it
became clear. An equal volume (6 mL) of phenol/chloroform (1:1; v:v) was added, mixed,
and centrifuged. The upper (aqueous) layer was collected and transferred into another tube
and another equal volume of phenol/chloroform was added, mixed, and centrifuged; this
procedure was repeated a third time. The water layer was then extracted with an equal
volume of chloroform/isoamyl alcohol (24:1; v/v). The water layer was transferred into
another tube and genomic DNA was extracted by gradually adding ethanol. Extracted
genomic DNA was transferred into a microtube containing 70% ethanol and incubated for
10 minutes. The mixture was centrifuged, the supernatant was removed, and the remaining
ethanol was allowed to evaporate. TE buffer (50 uL; not described) was added and the tube
was incubated overnight at room temperature to dissolve the DNA residues. The
DNA-containing solution was stored refrigerated after preparation.

Preparation of test strains, packaging genomic DNA, and plating: Escherichia coli C
(lacZ—, gal E—) was cultured for packaging. Packaging was performed by using a
commercially-available kit. One tube of packaging extract (red tube) was thawed and 10 pLL
of genomic DNA solution (adjusted to a concentration of about 200-600 pg/mlL) was added.
The tube was mixed and incubated at 30°C for 90 minutes. Next, a tube of packaging
extract (blue tube) was thawed and 10 pLL was transferred to the red tube and mixed. The
mixture was incubated at 30°C for 90 minutes, diluted with 700 pL of buffer, and mixed
yielding the packaged DNA sample.

The E. coli suspensions for calculating total number of plaques (for titer) and for calculating
mutant frequency (for selection) were dispensed into tubes. Then, the entire volume of the
packaged DNA sample was added to the tube for selection and mixed. The tube was
incubated at room temperature for about 30 minutes to allow the phage to infect the E. coli.
A small quantity (30 uL) of the infected suspension was diluted 10-fold with broth
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1.

containing 10 mmol/L magnesium sulfate and 30 pL of the dilution was transferred to the
tube for titering and stirred.

Magnesium sulfate solution (1M) was added to an agar solution at a volume ratio of 2:100
to make top agar for titration. A P-gal solution was added to the agar solution at a volume
ratio of 2:100 to make the top agar for selection. Top agar was added to the tube for titering
and mixed, and the contents were poured over a LB agar plate. Top agar was added to the
tube for selection and the contents were poured over a LB agar plate in the same manner.
The agar plates were incubated overnight at 37°C. In this single packaging, the number of
plaques per animal were above 300,000; therefore, no further packaging was required.

Plaque counting: The number of plaques (N) in the plates for titration was counted and
then the total number of plaques was calculated using the following equation:

300uL. 2700 L

Total # of plaques = N x (30 oL X 30 L

= N x 900

The number of plaques in the plates for selection was counted and recognized as mutant
plaques.

The lacZ gene was selected as a reporter gene. The mutant frequency in a concerned organ
was calculated by dividing the number of mutant plaques by the total number of plaques:

# of mutant plaques

Mutant frequency = total #of plaques

Study validity: The study was considered valid if the following conditions were met:

e  The mutant frequency for the duodenum in the positive controls was markedly
increased with a significant difference from the negative control; and

e  The mutant frequency in the negative control should be within an acceptable range
(mean + 3 SD) relative to historical control data.

RESULTS

CLINICAL SIGNS: No treatment-related clinical signs of toxicity were observed.

BODY WEIGHTS AND BODY WEIGHT GAINS: Body weight and body weight gain
data are presented in Table 2. In the 7000 ppm group, there were decreases in body weights
(p<0.05; |6%) on Day 15 and body weight gain during Days 1-31 (—0.1 g treated vs. 0.7 g
control). In the positive control group, there was a decrease in body weight during

Days 1-14 (| 8%).
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TABLE 2. Mean (+ SD) body weights and body weight gains (g) in transgenic mice treated with
dicamba in the diet for up to 28 days. *
Dose (ppm)
Day 0 1200 3000 7000 ENU®
1 275+1.4 27.4+1.2 27.6+1.2 27.4+1.1 27.4+1.0
3 272+ 1.4 26.7+1.3 27.0+1.2 259+1.2
8 264+1.7 264+1.1 27.0+1.2 259+1.0
14°¢ 252404
15 278+1.6 27.1+1.1 27.2+1.5 26.0 £ 0.9* (16)
22 273+1.9 27.0+0.8 272+ 1.7 258+1.2
29 28.0+2.0 274+1.1 27.8+1.9 26.5+1.4
31 28.2+2.1 277+13 28.7+2.0 273+ 1.6
BWG Days 1-14 ~2.2+0.9
BWG Days 1-31 07+1.7 03+0.9 1.1+1.1 —0.1+1.0
a Data were obtained from Appendix 1 on pages 49-50 of MRID 51129105. N=7.
b Positive control = 100 mg/kg/day N-ethyl-N-nitrosourea (ENU), administered by two 1.p. injections on

Days 3 and 4.
c ENU mice euthanized on Day 14.
---  Not applicable
* Significantly different from control; p<0.05.

FOOD CONSUMPTION AND COMPOUND INTAKE: Food consumption data are
presented in Table 3. In the 7000 ppm group, food consumption was decreased (p<0.05) by
22% during Days 1-3.

Compound intake data are presented in Table 1.

TABLE 3. Mean (+ SD) food consumption (g/mouse/day) in transgenic mice treated with
dicamba in the diet for up to 28 days. *
. Dose (ppm)
Days 0 1200 3000 7000
1-3 3.7+0.6 3.9+0.5 3.8+0.4 2.9+0.5*% (]22)
3-8 3.8+0.6 3.9+ 0.4 40+0.5 3.2+ 0.4
8-15 37+04 3.5+0.7 3.2+0.7 3.1+0.4
15-22 40+03 42+0.4 42+0.6 40+0.4
22-29 43+05 43+0.4 43+0.6 40+0.5

a Data were obtained from Appendix 3 on page 58 of MRID 51129105. N =17.
* Significantly different from control; p<0.05.

SACRIFICE AND PATHOLOGY

Duodenum weights: There were no effects of treatment on absolute or relative (to body)
duodenum weights in the dicamba- or ENU-treated groups.

Gross pathology: There were no treatment-related effects noted at necropsy. The only
macroscopic finding was a single, 4-mm white nodule in the right lung of a control mouse.

Microscopic pathology: No microscopic findings were reported.

MUTANT FREQUENCY: Mutant frequency data are reported in Table 4. Administration
of dicamba in the diet did not increase mutant frequency. All mean values fell within the
95% confidence range (14.4 x 1075 to 86.9 x 1075) calculated from the historical control
data.
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The positive control (ENU) produced a marked (p<0.05) 10.6-fold increase in the mutant
frequency.

TABLE 4. Mean (+ SD) mutation data in the duodenum of transgenic mice treated with dicamba in the diet for up to 28 days. ?

Deose (ppm)

Parameter 0 1200 3000 7000 ENU"

Plaque forming units | 988,500 + 286404.1 | 1,208,850 + 365,388.7 | 1,054,050 + 242,978.9|895,950 +. 307,626.7| 654,900 + 159,210.7

# of mutants 75+34.7 85+ 48.0 81+40.5 57+12.6 520+ 116.6

Mutant frequency (1079 753+ 18.3 66.4 +18.4 75.3+28.7 65.3+9.9 799.2 + 57.8*

a Data were obtained from Table 1 on page 47 of MRID 51129105. N =6.
b Positive control = 100 mg/kg/day N-ethyl-N-nitrosourea (ENU), administered by two i.p. injections on Days 3 and 4.
* Significantly different from control; p<0.05.

111. DISCUSSION and CONCLUSIONS

A. INVESTIGATORS’ CONCLUSIONS: The negative control value was within the
acceptable range of the historical control data and thus considered as valid. The mutant
frequencies in the duodenum of the animals treated with Dicamba techn. (BAS 183 H;
SANS837 techn.) did not show any increases as compared to the concurrent negative control
value. All individual as well as group values were also within the historical control data.

The mutant frequencies in the duodenum in the positive control group, which was treated
with N-ethyl-N-nitrosourea (ENU), increased and these increases were statistically
significant compared with those of the negative control group. Therefore, the present study
was judged to be properly conducted.

Considering all information available, including statistical analysis, it was concluded that
Dicamba techn. (BAS 183 H; SAN837 techn.) did not induce gene mutations in the
duodenum of transgenic mice (negative) under the conditions in this study.

B. REVIEWER COMMENTS: The Reviewers agree with the Investigators’ conclusions.

There were no effects of treatment on clinical signs of toxicity, absolute or relative (to body)
duodenum weights, or necropsy or microscopic findings. There were no changes in
absolute or relative (to body) duodenum weights in the ENU-treated group.

In the 7000 ppm group, there were decreases in body weight (p<0.05; |6%) on Day 15 and
body weight gain during Days 1-31 (—0.1 g treated vs 0.7 g control). In the positive control
group, there was a decrease in body weight during Days 1-14 (|8%). Additionally, at

7000 ppm, food consumption was decreased (p<0.05) by 22% during Days 1-3.

Administration of dicamba in the diet did not increase mutant frequency. All mean values
fell within the 95% confidence range (14.4 x 107 to 86.9 x 107%) calculated from the
historical control data. The positive control (ENU) produced a marked (p<0.05) 10.6-fold
increase in the mutant frequency.

This study is classified as acceptable / non-guideline.
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C. STUDY DEFICIENCIES: The following deficiency was noted:

e  The variance between nominal and actual dietary doses was greater than normally
accepted (£15%).

Page 61 of 64

ED_005172C_00001780-00061



Gene Mutation Assay in Transgenic Mice (2020) / Page 13 of 15
DICAMBA /029801 OCSPP Non-Guideline / OECD 488

Appendix 1. Dose range-finding study

In a non-guideline, dose range-finding study (MRID 51129106), groups of three male
CD2F1/Slc (wild type for Muta™Mouse) mice/dose level were administered dicamba (89.8%
a.i., batch # P.MG2726410) in the diet at dose levels of 0, 1000, 3000, or 10,000 ppm (equivalent
to 0, 171, 434, and 1443 mg/kg/day) for 14 consecutive days. On Day 15, the mice were
euthanized, necropsied, and the duodenum and liver were excised and weighed. The duodenum
was examined microscopically.

All mice survived to scheduled euthanasia. There were no effects of treatment on clinical signs,
body weights or body weight gains, food consumption, or gross or microscopic pathology.

At 10,000 ppm, absolute and relative (to body) liver weights were increased (p<0.05) by 32%
and 29%, respectively, and absolute and relative duodenum weights were increased by 26%
(p<0.05) and 28% (NS), respectively. Although there were no corroborating macroscopic or
microscopic findings, the high dose for the main gene mutation assay study (MRID 51129105)
was set at 7000 ppm and was expected to approximate the limit dose (1000 mg/kg/day) specified
in OECD 488.
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Appendix 2. Validation study

In an analytical method validation study (MRID 51129107), a method for the detection of
dicamba (89.8% a.i.; batch P.MG2726410) in powdered CRF-1 basal diet (Oriental Yeast) was
presented. Dicamba was incorporated into basal diet at two target concentrations of 1000 and
7000 ppm by grinding the test compound with a mortar and pestle and mixing an appropriate
weight of the test compound with an appropriate weight of basal diet. The criteria for validation
of the method included specificity, linearity of the calibration curve, accuracy, precision
(repeatability), limit of quantification (LOQ) and limit of detection (LOD), and carry-over.

HPLC with a UV detection system was used to quantitate dicamba in the basal diet. Six
matrix-matched calibration solutions were prepared from a stock solution of dicamba in
acetonitrile (2.5 mg/100 mL, 5.0 mg/100 mL, 10.0 mg/100 mL, 15.0 mg/100 mL,

20.0 mg/100 mL, and 25.0 mg/100 mL).

The lowest calibration solution, solvent blank (acetonitrile), and basal diet extract were analyzed
with a single injection. The method was considered specific if there was no response or a
response <30% of the lowest calibration solution that corresponded to the retention time of
dicamba in the calibration solution. The chromatogram of the calibration solution showed one
peak (retention time [RT] approximately 3.5 minutes); chromatograms of the solvent blank and
basal diet extract had no corresponding peaks. Therefore, the method was considered specific
for dicamba.

The calibration solutions were analyzed with a single injection and the response (peak area) was
correlated with the nominal concentrations by using regression analysis (without a weighting
factor). The slope and intercept of the calibration curve, coefficient of determination (r?), and
back-calculated accuracies of the calibration solutions were calculated. The acceptance criteria
were r* <0.990 and back-calculated accuracies of 100% = 15%. The calibration curve was linear
(slope = 2.821656; intercept = 0.032106), r* was >0.990 (r* = 0.999961), and the back-calculated
accuracies all fell within the target range (—0.7% to 0.8%). Therefore, the calibration curve was
accepted.

Accuracy and precision were determined in a single run. Five samples were taken from each of
the dietary formulations (1000 and 7000 ppm) and extracted. Samples of the dietary
formulations (5 g for the 7000 ppm formulation, 10 g for the 1000 ppm formulation) were placed
in a 50-mL tube and 20 mL of 0.5 M sulfuric acid were added and shaken for 20 minutes. This
mixture was extracted three times with 25 mL of acetonitrile for 30 minutes, the extracts were
combined, made up to a final volume of 100 mL with acetonitrile, and filtered (0.2 um). The
extracts were analyzed with a single injection. Accuracy was calculated as:

analyzed concentration
Accuracy = - x 100
target concentration

The relative standard deviation (%RSD) was calculated from the individual accuracies as:

standard deviation
%RSD = x 100
mean accuracy
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The acceptance criteria were that the mean accuracy fell within 70-110% of the nominal
concentration (ideally 80-100%) and the %RSD for the formulations were <20% for precision.
The mean accuracies were 99.9% and 104.7% of nominal and the %RSD were 4.5% and 1.9%,

satisfying the accuracy and precision criteria.

For MRID 51129105, the lowest dietary concentration was 1000 ppm; therefore, the LOQ was
defined as the lowest concentration of a sample where the accuracy and precision data fell within
the tolerances. The LOQ was determined from the accuracy and precision data for the 1000 ppm
formulation. The LOD was determined with a dicamba concentration of 2.0 mg/100 mL (20% of
the LOQ or 200 ppm before extraction). A peak corresponding to the appropriate RT was clearly
visible; therefore, the LOD was determined to be <200 ppm (from a 10-g sample).

Carry-over analysis was performed by injecting the highest calibration solution followed by two
injections of basal diet extract. The acceptance criteria were to have no peaks corresponding to
dicamba in the chromatograms or a peak <30% of the lowest calibration solution that
corresponded to the retention time of dicamba in the calibration solution. There were no peaks
corresponding to dicamba following injections of the basal diet extract; therefore, there was no
carry-over from the injection of the highest calibration solution.

Stability analyses were not performed and were not considered necessary as a complete
analytical run was performed in less than 24 hours.

It was concluded that the analytical method met the requirements for specificity, linearity,
accuracy, repeatability, LOQ, and LOD for quantification of dicamba in powdered CRF-1 diet.
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